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PREFACE

This technical report describes the experimental program for the

measurement of bistatic scattering coefficients funded under con-

tract F30602-77-C-0145. This effort is a continuation of the work

performed and funded under contract F30602-76-C-0037. The research

reported herein was carried out by members of the Radar and Optics

Division, Environmental Research Institute of Michiger (BRIM) during

the period 21 September 1977 to 30 June 1978.

This contract was monitored by Mr. Robert Polce and Mr. Richard

Schneible of Rome Air Development Center, Rome, New York. The DARPA

Program Director was Dr. D. Walsh, DARPA, STO.

The principal investigators for the program at ERIM were Messrs.

R.W. Larson an~l R.C. Heimiller. In addition, the zollowing persons

contributed co this program: Mr. A. From, Mr. F. Smith, Prof. A.
Moffett, Nr. B. DiTullio, Mr. A. Gillies, Mr. R. Hamilton and Mr. L. I
Kottke. The report was typed by Mrs. D. Clarke and Mrs. A. Sadlowski.

This effort was conducted in ERIM's Radar and Optics Division,

directed by Dr. A. Kozma.
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°A INTRODUCTION AND SUMMARIES

1.1 INTRODUCTION

During the period 1 October 1975 through 30 September 1976, a

program was conducted for the Defense Advanced Research Pcojects

Agency (DARPA) and monitored by the Rome Air Development Center

(RADC, OCSA) for the design and construction of air-to-ground in-

strumentation for the measurement of bistatic scattering coeffi-

cients. Also, as part of that program, empirical data were obtained

from which estimates of the scattering coefficient, U, have been

determined. These results are reported in the Final Technical

Report, November 1977 [I].

"It is the objective of this present effort to utilize the in-

strumentation developed and demonstrated in the previous program to

obtain additional bistatic data and to use the empirical data to

determine bistatic scattering coefficients. During this program,

several modifications were made to improve and facilitate operation

"*1•. of the existing air-to-ground bistatic instrumentation. The geo-
metrical nituation used in the measurements is given in Figure 1. A

.2 functional block diagram of the complete system is given in Fig-
ure 2; a complete description of the measurements instrumentation is
given in Reference 1.

4 Following the submission of this final report to RADC for sponsor

approval, additional data analysis was accomplished as an ERIM IR&D

program. This analysis (1) verified proper operation of the computer

V analysis program, (2) identified several errors in parameter inputs

used in the recently completed data processing, (3) provided improved

incident power illumination corrections for all passes, and (4) re-

viewed ancillary recorded data parameters to increase the usability

of the February X-band data. Results from this IR&D program have5 ! been presented to the sponsor and are included this report.

9
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1.2 SUMMARY OF ADVANTAGES OF SPOTLIGHT SCANNING TECHNIQUE

The area near the receiver is spotlighted to increase the time

on target, and the receiving antenna is scanned back and forth

several times during a pass. A given terrain patch is sampled at

different 9. values during each scan; hence, samples are obtained

from many different enserble points during a single pass. Data from

an ensemble of patches is preferable to several independent samples

from a single patch, unless the terrain is very uniform.

Since the receiving antenna is scanned several times during each

fly-by, Doppler spread and wind motinn do not increase the number of

independent samples from a single ensemble point. If the receiving

antenna were 'o scan only once during a fly-by, these factors would

significantly increase the number of independent samples at 3 cm but

not at 23.5 cm. More independent samples at one ensemble point give

a more accurate mean value of the cross section density for that
i" point.

1.3 PROGRAM SUMMARY

This report describes work which was performed during the period

from 1 September 1977 to 30 June 1978. Ra.sllts obtained from addi-

tional effort performed between 1 October 1978 to 31 December 1978

as an ERIM IR&D program are also included in this report. The objec-

tive of this program was to utilize instrumentation developed previ-

ously tt collect empirical data from which to obtain an accurate es-

timate of bistatic scattering coefficient for two different terrain

types. This program was conducted in three phases:

1. Modification of existing instrumentation,

_I,- •2. Data gathering, and i
3. Reduction of empirical data.

I Simultaneous empirical data were obtained at 3.14 cm and 23.5 cm

wavelengths. The transmitted polarization was horizontal;

P12
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horizontally- and vertically-polarized energy was received at both

operating wavelengths. The instrumentation provided coherent data,

sampled and revealed on a pulse-by-pulse basis on each of the four

receiving channels. The instrumentation used matches the typical

operational bistatic system, except that an aircraft and ground

tower were utilized for transmitting and receiving, respectively,

instead of two aircraft.

The following tasks were completed during this program:

1. Modification of the parallel-polarization receivers.

2. Installation of isolation switches in the cross-polarization

receivers.

3. Design, construction, and utilization of a receiver to obtain

the PRF reference from the signal received via the direct

tranamitter-receiver path.

4. Provision of two receivers, 3 cm and 23.5 cm, for the

measurement of absolute value of power incident on the test

area.

5. System test.

6. Data gathering at the test sites.

7. Digitization of data.

8. Reduction and analysis of dati to obtain scattering

coefficient.

9. Documentation of modification to instrumentation.

10. Craphical presentation of the bistatic scattering

coefficients and error estimate.

11. Provision of copies of digitized data tapes to the sponsor.

The measurement technique utilized is illustrated in Figure 1 and is

completely described in Reference I. Receiving apertures are

t13
S• ~13

- :



mounted on a tower and their field of view is scanned through an

azimuth angular interval SCAN. The scattering area is illuminated

using the radar transmitters iya ERIM's C-46 aircraft as sources.

Radiation at two wavelengths is transmitted simultaneously and

horizontal polarization is used in both transmitter channels. As

the aircraft flies along a path 1-2 (Figure 1), the transmitter

antennas are scanned so as to spotlight the scattering area. The

receiving antenna scan rate is adjusted so that one scan is com-

pleted during a period in which the transmitted illumination angle

changes by approximately 5 degrees. Measurements were made for the

bistatic angles listed in Table 1; priorities for the selection of

angles 0. and 0 were determined by sponsor representatives.1 8

To obtain estimates of the values of u , empirical values of0!
received power are substituted into the bistatic equation (see

Equation 3 in Reference 1) along with the experimental geometrical

parameters, and the equation is solved for a as a function of bi-

static angle. During data analysis, values of received power are

averaged over approximately 5 degrees of azimuth angle. It is

assumed that the function a is a slowly-varying function of
0

azimuth angle and that therefore the 5-degree truncation does not

obscure any -ine-scale structure in the a characteristics. This

assumption is based on a consideration of available data [2].

The aircraft carrying the transmitter was tracked during each

data pass and the nominal illumination angle (that is, the TRACK

angle) at the receiver site was recorded. Similarly, the receiving I
antenna azimuth angle SCAN was recorded. The difference between
these two angles is the bistatic azimuthal, or out-of-plane, angle

ss. Based on the results of an error analyeis (discussed in Sec-

tion 4), the estimated error in a values obtained is 4 dB.

A description of the modifications to the existing instrumenta-

tion is included as Section 5. A sumary of the bistatic data

IL
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TABLE I. SUMMARY OF BISTATIC DATA OBTAINED

DATA GA24ERING DATA ON ANALOG DIGITIZED
FLIGHT DATE TAPE DATA

16 December 1977 All Passes: 1-8 None
3 Calibrations

15 February 1978 All Passes: 1-3 Pars 2
2 Calibrations 2 Calibrations

"17 February 1978* All Passes: 1-10 All Passes
2 Calibrations 2 Calibrations

18 February 1978* All Passes: 1-9 All Passes
3 Calibrations 3 Calibrations

19 February 1978* All Passes: 1-13 All Passes
3 Calibrations 2 Calibrations

17 March 1978 All Passes: 1-11 All Passes
2 Calibrations 2 Calibrations

18 March 1978 All Passes: 1-21 All Passes
4 Calibrations 4 Calibrations

X-band data calibration questionable; values of uo not

included.

15
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obtained is given in Table I and a sunary of bistatic measurement

angles is given in Table II. A complete collection of a versus

Ps plots can be found in Appendix A.
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TABLE II. SUMMARY OF BISTATIC MEASUREMENT ANGLES
FOR WHICH DATA WERE USED

SITE TERRAIN s '

Site II - Dec. (system test) 800 700 0-90°

Rough ground, dry weeds 600

85% snow cover

6 inches

Site II - Feb. 800 800 0_180

Snow cover; 12"-20" 700 700

snow depth 600 650

60°

Site III - March 840

Tree-orchard; snow 800 800 0-180°
covered ground, 6" deep 700 700

Wet ground 600 600

ik
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2DESCRIPTION OF TEST SITES

The bistatic clutter measurements described in this report were

conducted at two locations. These locations are designated as Site

II and Site 1II, consistent with the test sites utilized in the

previous bistatic clutter measurements program.

2.1 SITE II (Dec. 16, 1977)

This site is located at the Willow Run airport, Ypsilanti,

Michigan and is the same location at which bistatic data were

obtained during the measurements conducted in the summer of 1976.

Photographs taken at site II during the measurements period are

given in Figures 3 through 7.

December 16, 1977 Data
Measuremenes conlucted during December 1977 were obtained as a

part of the overall system final testing; data obtained are

sumarized in Table I. Figure 3 is a photograph of the test site.

The following is a description of the site and other relevant

conditions existing during the data taking period.

Surface Conditions

Dry weeds on surface of rough terrain; snow melting, about 25%

snow cover with snow depths of 3-6 inches. Ground wet.

Temperature 400 F

Sky Clear

Wind Light, 10 kts

2.2 SITE II (Feb. 15, 17, 18 & 19, 1978)

The complete site was snow covered; average snow depth was 16

inches with variations in depth from 12 inches to 20 inches.

19
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Surface of snow was very smooth with respect to K-band (3 cm) with

very gradual. slopes. There were scattered regions throughout the

* area where dry weeds were visible over the top of the snow, several

inches high. Also, as shown in Figure 4, some tall weeds were

scattered throughout the area, extending 1 to 2 feet above the snow

surface. These general conditions existed during the entire test

period. The temperature did not exceed 25 0 Fduring the three-day

data taking period. Photographs of test site 11 are given in

Figures 4 through 7.

17 February

Temperature 20 F

Sky Clear to 2000 feet, widely-scattered clouds

Wind 5-10 kts West

18 February

Temperature 18 0

Sky Clear, very bri~ght

Wind 5-10 kts West

19 February
Temperature 20 0F

Sky Clear

Wind Calm

Surface Measurements

Measurements were made at various locations within the test

site. These included: (1) snow depth and snow characterization

obtained from snow pits, (2) electrical measurements (dielectric

constant) and (3) snow temperature and density. Results from these

measurements are summarized in Figure 8 and Table III. Measurements
L of the dielectric constant were made at random locations throughout

the test site. Also, measurements were made in two rectangular

grids, one each on the north and south sections of the test site.

25Al
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TABLE III. SUHMARY OF GROUND MEASUREMENTS AT
TEST SITE II FOR 17, 18, AND 19 FEBRUARY 1978

Date - February

Parameter 17 18 19

Dielectric Constant (E )r
Top 10 inches 1.95 1.71 1.34

Bottom 10 inchies 2.25 2.03 2.1

Snow Temperature

Surface -8CC -8 0 C -7 0C

Bottom -20C -10C -20C

Snow Density

Surface 0.1 gm/cm3

Bottom 0.3 gm/cm3

Il Itt

11
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Each grid consisted of two parallel north-south lines with four

measurements made along each line. Space between measurements was

100 feet; the lines were spaced by 250 feet. The dielectric

constant values measured were within the 25% estimated accuracy of

the instrumentation. Measurements were made using a portable"Q

meter instrument and an operating frequency of 100 MHz. The

frequency dependence of the dielectric constant of snow is well

documented [3]. Measurements were made to give avcrage values and

to show any spatial variation. Average values are given in

the instrumentation. A drawing showing the snow profile in the Test

Site II area is given in Figure 8.

2.3 SITE III (Mar. 17 & 18, lQ78)

Test Site III consisted of an apple orchard located north~west ofI; Ann Arbor, Michigan. An aerial photograph of the test site is

Ji included as Figure 9. Several ground photographs showing the test

area as seen from the receiver location are given in Figures 10, 11,Iand 12A. The average height of the trees was 25 feet; the ground was
snow covered with wet snow; the dielectric constant of the snow was

greater than 3.15, the maximum value that can be measured using the

portable instrumentation. Snow depth was 6 to 10 inches.

Weather conditions for the 17th &18th of March were:

17 March

Data taking period 5pm - 7pm '

Temperature 20OF

Sky Clear

Wind Light

18 March

Data taking period 12pm -4pm

28
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20F
Temperature 33F - 20°

Sky gigh overcast

Wind 15 - 20 kts, gusty to 35 kto

Ground wet - then frozen

A photograph ot the receiving location at Site III is shown in

Figure 13.
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3
DATA ANALYSIS

After the terrain scattering data were collected and analyzed,

it became apparent that the a -results could be improved by a more

detailed account of variations in incident power with additional

corrections using other recorded parameters. Section 3.1 contains

the basic data processing techniques used. The corrections developed

for incident power modification are given in Section 3.2. These

developments were carried out as an ERIM internal research and devel-

opment program. In those passes where the corrections were small,

or essentially like those used previously, the re-run data and graphs

are estientially identical to those previously obtained. Results are

discussed from various viewpoints in Section 3.3.

3.1 PROCESSING TECHNIQUES

The processing techniques and notation used to anal>ze the bi-

static data gathered during flights made in February and March of

1978 are identical to those explained in Section 5.6 of Reference 1.

For the reader's convenience, coordinate and angle definitions are

repeated in Figure I (from Ref. 1).

One small change in geometric arrangement of transmitter and

receiver may be noted. In Reference 1, the backscattering measure-

ments were accomplished by rotating the receiving arrangement through

1800 (to face basically in the -x direction) and by having the0

transmitter repeat its forward scattering flight path (as shown in

Figure 1). In the current program for Site I11, the backscattering

measurements used the same receiver arrangement but changed the

transmitter flight path to the -x side of the y z plane,

i.e., "behind" the receiver. Thus, in Reference 1, the terrain areas

viewed in forward scattering and backscattering measurements are

33
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different; in the current program, they are the same. However, this

procedural change requires no modification of the basic argument

concerning independence of samples in the bistatic data collection

(see Section 2.4 of Ref. 1).

As the receiver scans back and forth over the terrain spotlighted

by the aircraft transmitter, the track-scan angle combinations cause

all values of the "azimuth" angle (p to be repeated many times. A

sample of power scattered by the illuminated terrain is thus obtained

for each repeated (p value. To follow- the process more easily,

the computer processing program can be specially modified to show

orvalues obtained throughout each scan and for all scans. Fig-
ure 14 (upper plot) shows the result of 8 scans made by the receiver
during a single pass of the transmitter. The variation of a dur-

0.

5 through the maze of data. Data are then averaged over in-~

terval; Figure 14 shows that many samples are available for each

average calculation. The lower plot of Figure 14 is the result of4

the 5O averaging.

The averaging used is an arithmetic average of the (normalized)

- I power values. This type of average gives most weight to the higher

values of a 0 It is of interest to see how this type of averaging

compares with other measures of central tendency of the original

data set. Consider, for example, linear or logarithmic regressions

of the data. Using a linear regression of the form y - a + bx, one

finds a -- 0.23 and b -- 0.07 with a correlation coefficient r 2of

only 0.07. A linear regression of the averaged data yields a - 0.49

and b -- 0.06 with an r2  0.54. Figure 14 shows that the latter

falls approximately 2 dB above (roughly 1 dB at the ordinate axis)

the former. This result confirms the statement above that the type

of average used favors the higher a values. A logar-ithmic

regression produces 4 similar result.
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It is of some interest to note that each operation of the data

analysis can be carefully traced for any pass. In addition to the

graphical data illustrated by Figure 14, the computer program can be

V made to output two sets of numerical data. One, labeled 15-F, dis-

plays the computation results for the SCAN and TRACK angles (in

degrees) arising from the digitized data tapes, The azimuth angle

'Ps is computed for each (SCAN, TRACK) pair. Corresponding also to

this pair are the received power outputs (in dBm) for the parallel

and cross polarization channels at each of the two frequencies of

* interest (L:23.5 cm wavelength and X:3 cm wavelength). In addition,

there is a correction column (COR) which is used to obtain the actual

amount of incident power at the angle pair in question. Derivation

* and discussion of all quantities which make up the total correction

COR is given in Section 3.2. Finaily, a line number is assigned to

the line of data for each angle pair.

The line number is carried over to a second output labeled S

j where the integral KI is computed for the illuminated area Agd

corresponding to the (SCAN, TRACK) angle pair of that particular

line. From this result, cr is computed and plotted on the upper

data graph for that pass. A partial data set for Pass 2 of the

3/17/78 Flight is shown in Figures 15a and 15b as an example. Figure

15a shows the F-data, Figure 15M shows the S-data, and Figure 16 shows

the graphed data set (uppcr) and averaged data set (lower).

Let us follow line 17 as an example. A count of 4132 individual

power samples produces an X-parallel received power of -65.8 dBm, as

determined relative to a calibration level of 7 given in parentheses

to the right of the X-parallel power value. Incident power is nomi-

nally 60 dBm but must be corrected according to the record of actual

radiated power (Section 3.2). The computed corrections to be applied

to the 60 dBm incident power are listed in the "correction" column;

for line 17, the value is -1.8 dB.
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On the same F-sheet, SCAN and TRACK angles (degrees) are computed

from their digital tape values, recorded in the accompanying paren-

theses. For line 17, a SCAN angle of 35.80 is computed from a

tape value of 3 (which is converted to degrees by the SCAN equation

at the top of the sheet). PHI-S ((P) is then determined from SCAN

and TRACK; for line 17, PHI-S - 36.30.

The X-PAR and X-CROSS pewers are carried from the F- to the

S-data sheet for X-BAND and recorded in the PARALLEL and CROSS POWER

columns. The correction is also carried along in the COR column.

SIM--SCAN and SIM-TRACK are transformations of SCAN and TRACK angles

into angles in a standard mathematical coordinate system. Using

these angles, together with a receiver depression angle value (840

for Figure 15) and a transmitter depression angle value computed

from transmitter height and distance, the integral KI is computed

for suitable parameter values. For the Figure 15 example, the re-

ceiver antenna beamwidth (at 10-dB points) is 8.700, the antenna

diameter-to-wavelength ratio, D/LAMBDA, is 14.42, and the constant K

is 0.037. The integral I is the weighted area common to the antenna

footprints of the transmitter and receiver (a portion of the correc-

tion COR arises frow a correction of the transmitter beam position).

The line 17 value for KI is -106.3 dB (KI is dimensionless).

Finally, RCS per unit illuminated area, qo (SIGMA) in dB is

LI) computed from (Eq. 50, Ref. I)

A 1o" (X-PAR) (PI - COR) + KI)
0

where all quantities are in dB.I 3.2 INCIDENT POWER CORRECTIONS

The incident power receiver was used to record continuous values

of power incident on the scattering area. This system is described

in Section 5.4. Chart recordings were obtained presenting incident

power level as a function of time, with the start and end of each

1'I

42

IJ



"Pr

pass indicated on the chart record. Using inteinal calibration,

these records are converted to absolute value of incident power as a

functiou of time throughout each pass. Before these values of mea-

sured power can be used in the calculation of a values, several0

corrections must be applied to obtain true values of power incident

on the scattering area. These corrections are:

1. Variation in incident power values due to geometry. The

range dependencies are accounted for in the corputation of

0

2. Variation in the incident power receiver antenna pattern.

3. Illumination taper across the scattering area due to the

• iI variation in the transmitter antenna gain across the extended

scattering area.

The ERIM computer program used to calculate the values of a

provides for the input of incident power correction as a function of

illumination angle. Values given in Table IV are the corrections as

measured or calculated for corrections (1) and (2) as listed above.

The final correction, that due to the variations in the trans-

mitter antenna illumination, is obtained using contour plot* of the

antenna gain. This correction was found to be necessary because* only a single incident power receiver was used in the large scatter-

ing area. The measurement provided from the incident power receiver

applies only within the region of near constant transmitter gain.

Careful examination of the variation of antenna g&in over the entire

scattering area indicated that compensation was necessary to obtain

minimum error in a values. Information regarding transmitter1 0

antenna illumination angle was obtained from the antenna angle versus
time records made on the aircraft and from the ground tracking angle

information. The technique used is identical to that described in
the previous report £I1.
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Since the three types of corrections are keyed to TRACK angle, a

correction computation for the incident. power P1 is made for every

entry of the computation procedure. In the F-computation, the

CORRECTION appears as the last column (Figure 15a) and is -1.8 dB

for line 17. It is also carried over to the S-computation, for con-

venience, and appears as COR in the sixth column (Figure 15b).

For site III, data are recorded for three transmitter incidence

6. -600, 700, and 800, and four receiver incidence angles, 0-
L0 0 00

60 , 70 , 80°, and 840. For each incidence angle pair, there are

parallel and cross polarization cases for both forward and backscat-

teriug.passes. Counting both the 23.5 cm and 3 cm wavelengths, there

is therefore a total of 80 plots of a versus V for Site III.

These data are organized according to incidence angle pairs and pre-

sented in Appendix A.

For Site III terrain scattering at the 23.5 cm wavelength, it

can be remarked that, in general, the parallel polarization a
exc;eeds the cross polarization u 0 by some 4 to 8 dB on the average.

Taking account of the +4 dB error interval for these values, it

appears that the parallel return ranges from comparable to marginally

higher than the cross return. For the 3 cm wavelength, the distinc-

tion is not quite so clear, since there are some cases when the cross

return exceeds the parallel. However, on the average, the 3 cm par-

allel return exceeds the cross by some 2 dB.

For several combinations of values of Gi and 0 , one can

observe an unexpectedly large saltus between the forward-scattering

and the back-scattering returns. For example, Figures A-9 and A-10

show a drop of some 8 dB in going from the forward to the back case.

Although the reason for such behavior in this instance is not clear,

there are other cases where the paucity of sample points in the

vicinity of 9o =900 places the average value there in doubt.

Such situations are observable in Figures A-21, A-22; A-25, and A-26.

For example, in Figure A-26, there is but one sample each at the
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first two values of ts and so the average takes exactly that value

at each point.

It is of interest to consider the variation of u with inci-
a I

dence angle pairs for special azimuth values, in particular, theSforward OP- 00) and back (9- 1800) scattering cases. In

Figure 17, u is plotted as a function of 0 for fixed values of

0. in both the forward and back cases at the 23.5 cm wavelength.

For a constant 0i at the forward direction, the trend is from

essentially constant to a gentle fall-off with increasing 0s. For

backscattering, the reverse statement is appropriate.

Figure 18 presents the alternative view for 23.5 cm, i.e., for

fixed 0 , a° varies with 0.. The forward cases seem to be

essentially flat as a function of 0. while the backward cases show

a "null" at 0. - 700, except fcr the 0. a 840 case. Such anomalous

behavior might be ascribable to the regularity of the Site III ter-

rain (an orchard consisting of uniform height, uniformly spaced apple

trees).

Figure 19 gives the 3 cm data for fixed 0i and 9.. The trend

for forward scattering is like that at 23.5 cm, but the fall-off is

more abrupt. For backscattering, there is a strange reversal of

trend from 0 =80° to 84° for 0. - 70° and 80.i Figure 20 gives the alternative viewpoint for fixed 0a and
I's for the 3 cm wavelength. The data trends are rather like those

of the 23.5 cm wavelength, except for 0s a 840 forward. The
05

0. - 700 data are down instead of up. In both Figures 19 and

20, it is clear that the cross return often exceeds the parallel,

but never beyond the error interval. Thus, the parallel and cross

returns for the forward and backscattering cases may be considered

comparable.

In Figure 21, forward and backscattering data are collected for

the cases 0. 0 0 at both wavelengths. The data for both
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wavelengths show a marked tendency towards features in both the for-

ward and back scattering cases.

The calibration of the X-band data from the February measurements

is subject to question and so only a small sample of results is in-

clided. Results obtained from the analysis of the February (snow

4, site) X-band indicated inconsistent values of a . A review of the0

operating conditions during data gathering showed that a shift in

frequency occurred, due to the cold weather conditions. As a result

of the frequency shift, the system transfer function as measured by

the calibration signal is not directly applicable. Attempts have

been made to compensate fLof the frequency shift by making additional1• measurements of the total ,ystem response. The difference between
the values so obtained, and the calibration, is used as a correction

factor. However, due to uncertainties in the actual value of fre-{ quency drift existing as a function of time, the correction factors

uLaidned do cot give consistent results. For example, using the

calculated corrections for the first half of pass 10, 19 February

data, the values of a obtained are given in Figures A-141 and

A-142. However, when the correction factor is applied to the data
from the compiete pass unreasonably large valueo of u are ob-0i
tained. The possibility of direct triggering was considered, but

this would have affected the L-band channels also, which did not

occur. At this time it is assumed that the magnitude of frequency

drift is a variable, changing slowly during a pass. It is possible

that an analysis of additional (but not normally used) parameters

recorded during data gathering with the measurements system would

provide adequate information to obtain accurate correction frctors

for some of the February X-band data.

Although the flight of 15 February was very short, as it was

scheduled as a test flight, the complete measurements system operated

satisfactorily and the X-band results are included in Figures A-143

and A-144; L-band results are included in Figures A-145 and A-146.
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4
ERROR ANALYSIS

A discussion of the error analysis kor the complete bistatic

instrumentation is given in Section 6, Reference 1. The results ofHa
that analysis are summarized in Tables V and VI as those values are

applicable to the present data gathering program. However, by

including the calibrated receivers for the direct measurement of

incident power, accomplished in Phase I of this program, the error

due to transmitter antenna pointing uncertainties has been reduced.

Two receivers, at the two operating wavelengths, were utilized to

obtain a calibrated measure of the power incident on the test area.

In addiLion, the incident power receivers are used as insulators for

the initiation of the transmitter scan (spotlight operation). The

incident power level is recorded during each data pass. These

records are used to obtain the value of incident power throughout

the pass and these values are used in the data reduction to obtain

.values of the scattering coefficients ao" The total error contri-
, bution due to uncertainties in the absolute value of incident power

has been determined to be +2 dB. This value represents a reductionIof 2 dB in the total error over that realized in the previous bi-

static data gathering program.

4.1 INSTRUMENTATION ERRORSI., Instrumentation errors can be classed as systematic or random.

The systematic error is estimated tc have a maximum value of 4.7 dB

and an RMS value of 2.0 dB; the random error has an estimated RMS

value of 2.5 dB. These errors are believed to be realistic since

they are based on instrumentation tests and th.e results of the

data-gathering experiments. Transmitter antenna-pointing is the

"largest single source of error. The total error'is estimated to be

4 dB; total error was estimated to be 6 dB for t6e, initial data

gathering program [i].
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TABLE V. ESTIMATES OF RANDOM •RRORS

Magnitude
Source (dB)

Measurement of incident power* +2.0

Position uncertainty of transmitter +0.2

Height variation of ground +0.2

Receiver noise (26 dB S/N after non-
coherent processing) +0.4

Receiver gain error (L.O. power variation
aud other factors) +1.0

Sample and hold error (10 nsec jitter) +1.3

Tape recorder error (noise and jitter) +0.3

Maximum 5.4

RMS Value 2.5

*Error due to incident power uncertainties for the 17, 18, 19

February data are +4 dB giving a total maximum of 7.4 and rms of 3.5
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TABLE VI. ESTIMATES OF SYSTEMATIC ERRORS

(Log-normal distributions assumed)

Magnitude
Source (dB)

Transmitter power error +1.0

Receiver power error +1.0

Transmitter antenna peak gain
error +0.6

Receiving antenna peak gain
error +0.6

Losses in microwave components,
radome, and atmosphere +1.0

Maximum gain drift with temperature +0.5

Maximum - 4.7

RMS Valve - 2.0
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The problem of energy entering the receiver sidelobes must be

considered for the measurement geometries in the program. Range
gating has insured that the specular return was not received through

the antenna mainlobe. The average sidelobe response of 24 dB down

provides adequate spatial filtering in the specular plane. A

limiting factor in the measurement of cross-polarized a is the0
cross-polarization isolation of the transmitting and receiving

antennas; this isolaticn ranged between 20 and 31 dB for the 3 and

23.5 cm wavelength transmitting and receiving antennas.

Errors due to sampling effects are introduced at different

points in the data gathering and analysis process. The finite

sampling window of the sample-and-hold detector results in a loca-

tion ambiguity of 10 nsec or 10 ft of processed error. However,

this produces negligible error in the a calculation. The basic

timing error in the S-H results in a 1.3 dB error in the output

signal. Tape recorder noise will add 0.3 dB to the total error.

4.2 SAMPLING ERROR

Error bounds (or confidence) in the estimate of the mean value

of a° are a function of the number of independent samples, as

discussed in Section 5.5. The average number of independent samples

of each 23 cm data point is about 10, giving a 5 dB spread in the

95% confidence interval for the mean value. Similarly, the average

number of independent samples for 3 cm data points is 35, giving a

3.5 dB spread in the 95% confidence interval for the mean value.

4.3 APPLICATION OF ERROR ESTIMATES TO DATA SETS

The results of the error analysis summarized in this section are

applicable to the values of scattering coefficient obtained under

normal operating conditions. However, due primarily to the extreme

weather conditions that prevailed during the data gathering period
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covered by this repcrt, it is necessary to qualify the error esti-

mate for particular data sets. The error estimate for all reported

data obtained from the 16 December 1977, 15 February 1978, and 17,

18 March 1978 data gathering periods is approximately 4 dB as given

in Tables V and VI. The data obtained from the 17, 18, 19 February

1978 data gathering period is approximately 6 dB (same as for the

data obtained in the 1976 measurements).

It is possible to reduce the total error in all of the present

data by a change in the data analysis program. This change would

need to provide a means to correct the data on an individual sample

(pulse) basis, utilizing the incident power data. This, however, isu

not possible with the present digitization system developed pre-[ viously. It is esdimated that a further reduction in error of

between 1-~2 dB is possible using existing data.
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5
BISTATIC RECEIVER MODIFICATIONS

Several modifications to the overall bistatic measurements in-

strumentation were completed as a part of this program. These modi-

fications are: (1) receiver for the pulse repetition frequency for

reference synchronization, (2) modification of receiver and receiver

response measurements, (3) sync generator modification, and (4) in-

cident power receivers, 3 cm and 23.5 cm. All modifications com-

pleted as a part of this program have been designated "77

modifications."

5.1 PRF SYNC RECEIVER, 77 MODIFICATION

A PRF Sync Trigger is necessary to turn on the Bistatic Data

Receivers. The Bistatic Data Receivers are held in a high-

attenuation off mode by an RF switch in the input of each receiver

to avoid measuring the direct-path RF power amplitude. The IP

switches attenuate the signal strength by at least 60 dB. Precise

alignment of the PRF Sync Receiver allows the RF switches to be

triggered on in 10 nanoseconds or longer after the direct path

transmitter pulse's trailing edge has passed the receiver location.

Both the PRF sync and bistatic receivers are mounted on the crane
S~(tower).

Integrating the PRF sync receiver into the bistatic system has

eliminated the transient responses in the X- and L-band L.O. paths

experienced in the original design of the system. Multi-PRF trig-

gering occurring at low L.O. power signal strengths in the original

design has now been eliminated by employing the PRF Sync Receiver.

An easier alignment and more reliable sync delay exists in the PRF

Sync Receiver versus the original technique.

VIS9 - G MA BWK-NO 1l-V
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Implementation of the PRP Sync Receiver is illustrated in Fig-

ure 22. An X-band pulsed signal at a PRF of 4 KHz is transmitted

from the C-46 aircraft. Each PRF interval consists of two X-band

pulses. The first pulse developed is 0.8 /Asec in width (the sync

pulse) followed by a 50 nanosecond pulse delayed by 2.5 /tsec with

respect to the sync pulse. The 50 nanosecond pulse is the bistatic

illumination pulse which is used for data acquisition.

The X-band pulses operate at a frequency of 9452 MHz and are

ieceived by either the front or rear dipole type antenna, depending

on the geometry of the flight path. The received RF pulses are am-

plified by a turnel 41ode amplifier (TDA) and mixed with a 9512 N4z

L.O. frequency. The resulting 60 Hl'z frequency is amplified by a

log amplifier which develops video pulses used to trigger the PRF

sync delay logic shown in Figure 22.

A PRF sync delay gate develops when the signal strength exceeds

a threshold setting of about 6 dB above the noise. The leading edge
of the 0.8 Msec pulse triggers the PRF sync delay gate. The delay's

time interval is controlled from the van by observing the monitor

logic pulses sent down 200 ft of coax for oscilloscope presentation.

A PRF pulse generated in the van for test and calibration purposes

is sent up a 200-ft coax to trigger the PRF sync delay logic. This

test PRF pulse is used to set the correct delay needed to turn the

bistatic RF switches on at the precise time.

Once the leading edge of the 0.8 Msec pulse triggers the PRF

sync delay logic, an inhibit triggering gate is formed. This gate's

* .function is to keep the bistatic pulse cccurring 2.5 psec later from

retriggering the PRU sync delay logic. The inhibit gate interval is

about 5 usec in duration.

The trailing edge of the PRF sync delay logic triggers the PRF

trigger logic shown in Figure 23. A 1-psec pulse width is generated

which is coupled to the X-band data receiver module. The l-ysec

.1
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WIL
pulse triggers a 5-,usec pulse width generator used to turn all four

RF switches on, located in the front ends of the bistatic data

receivers. The PRF trigger logic pulse and the detected PRF pulses

are ORed in the monitor logic which forms a composite signal to be

observed in the van for alignment. The PRF trigger is also directed

down a 200-ft coax and used to trigger the PRF instrumentation logic

located in the van for recording purposes.

The PRF sync receiver can be triggered with a minimum RF input

power level of -83 dBm. Figure 24 is a" estimate of the signal

strength versus aircraft slant range for the radar parameters used

during the bistatic flight tests. It can be seen from thin figure

that the RF power exceeds the minimum required power of -83 dBm by

at least 25 dB. The PRF sync receiver will trigger 90% of the time

with an input signal level of -83 dBm. 100% triggering occurs when

the signal level is -80 dBm or greater.

The sync delay Td varies slightly as a func.tion of input power i
to the PRF sync receiver. Figure 23 shows the c~hange: in delay as a.

function of the input power. The sync delay is aligned with the

test !'RF trigger. This alignment corresponds to a simulated input

power level of -50 dBm and Td w 0. When the signal level is -45

dBm, the sync delay ¶id decreases by about 5 neec, as shown in Fig-

ure 23. At a signal level of -60 dBm, the sync delay increases by

about 12 nsec. Signal levels between -45 dBm and -60 dBm are the

signal strengths to be expected when operating the bistatic system.

5.2 BISTATIC RECEIVER RESPONSE

Figures 25 and 26 are X- 'nd L-band bistaLic Lt:eei•er respon-e
curves. All data points plotted in these figux-cs are relative am-

plitude points with respect to the bistatic transmitter frequen-
,cies. A constant input power level was maintained for each fre-

quency change. The response was measured at the output of each

sample-hold circuit.
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Figure 27 is the X-band bistatic frequency response of the par-

allel and crossed receivers when the calibrated RF signal is being

used. All points are plotted relative to the aircraft transmitter

frequency (9452 MHz). Note that, in Figure 27, the parallel re-

ceiver response at 9472 MHz is down by 2 dB with respect to the air-
craft transmitter frequency. This variation in parallel receiver
response has been used in correcting the received powers for the

calculation of u0o. The 9472 MHz frequency is the X-band cali-
brated frequency offset by 500 Hz, as all received signals are

recorded with a 500 Hz offset.

The 9472 MHz calibrated RF signal is 20 MHz greater than the

X-band bistatic transmitter frequency. This occurs because the cal-
ibrated RF signal is derived from the tracker's L.O. frequency. An

L.O. difference frequency of 20 MHz must exist to accommodate the

tracker's IF amplifier.

5.3 CIRCUIT BOARD MODIFICATIONS

Board 1: Sync Generator and PRF Instrumentation (77 Mod.)

Board 1 was modified for this series of bistatic tests and re-

places the original design, Figure B-9 [I].

Loard 1 conditions the received PRF synchronizing pulse via the

PRF receiver in order to:

1. Implement a means to monitor the proper delay to trigger the

bistatic receivers on,

2. Supply a system PRF trigger for an oscilloscope for align-

ment and monitoring purposes,

3. Stretch the PRF pulse for recording,

4. Provide a trigger to measure and record the AR function.

During test and alignment procedures, a calibration PRF trigger

via board 2 is used to perform the above functions. In addition,
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the calibration PEF trigger is used to trigger the Incident Power

Receiver via SW-I and the line driver 1-4.

R-1 is the remote sync delay control which is used to adjust the

PRF delay necessary to turn on the bistatic receiver located on the

crane. TP-1 is used to monitor this function. Logic, timing and

driver circuits 15, 16, 17, aiLd 18 function to enable the PRF for

recording and to drive LED indicators located on the control panel.

Board 2: Calibration PRF Generator (77 Mod.)

Board 2 contains an internal PRF generator to simulate the re-

ceived PRF signals when the system is not operating. Its functions

include:

1. A basic 4 kHz PRF trigger generator,

2. A sync pulse generator,

3. A 50 nsec pulse width generator to control the RF pulses,

4. Logic to simulate the dual-band PEF alternate pulsing se-

quence, and

5. A AR range delay generator to calibrate the AR

instrumentation.

R-4 is used to adjust the calibration PRFl to watch the PRF of

the C-46 radar.

R-3 controls the 50 nsec pulse used to trigger the two RF

switches in the 3 and 23.5 cm RF calibration paths. The RF pulses

simulate the received bistatic data pulses. A range delay control

circuit, 1-2 and 1-3, provides a means to calibrate the AR channel.

Controls R-1 and R-2 are used to adjust the maximum and minimum

range of the calibrated AR channel. The maximum range of the AR is

determined by the last step of the staircase voltage driving 1-3.

K. 4
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Logic integration circuits 15 and 16 control alternate sequenc-

ing of the dual-band PR' function. One position of the SW-I control

alternates the sequencing of the dual-band PRF function. When SW-I

is in the 1:1 position, a 50 nsec pulse triggers the 3 and 23 cm RF

V switches at the same time.

When the system control panel switch is in the Operate position,

the calibration PRF generator is inhibited. A biav voltage tot attenuate the PIN modulators to their maximum (80 dB) via Ql and Q2

also occurs in the system's operate position. This attenuation

function essentially cuts off the RF signal developed from the two 3

cm Gunn oscillators used to simulate the received RF signals from

the C-46 aircraft.

Parallel Receivers (77 Mod.)

The X- and L-band receiver circuits were modified to include a

retriggering inhibit gate. The retriggering inhibit gate (1-7) pre-

vents more than one sample-hold gate from occurring. Once the lead-

ing edge of the bistatic pulse is detected, a sample-hold pulse

occurs vie the sample delay (1-3). At the same time the sample-hold

pulse is generated, a triggering inhibit gate is formed which pre-

vents another sample-hold from occurring. The inhibit gate lasts

for about 10 jusec. The purpose of the retriggering inhibit gate is

to avoid multi-triggering which may occur from the received bistatic

signal. This function assures that the first 50 nsec of the de-

tected video will be sampled.

,X-Band Crossed Receiver (77 Mod.)

The X-Band Crossed Receiver circuit board was modified to in-

clude 50 0 line drivers to pulse all four R-F switches located in

both the X- and L-band bistatic receivers.

'1
I

70 A-4 i ,

:._. j• ¢' .,,,• .,. • . •+ . , _ +. ,.

Ii

S. . . •: ..• .++.+,.• _ . -e+ • -,- ..?+, .+M, +,• I,.- - •.• - • = t_ + ---" + ... +" p•+ : -"s. '++ . .. +• 2;. .I• ;,+ +:;-. + ,, ++ .



Board 16: X- and L-Band Incident Power Instrumentation (77 Mod.)

The incident power data detected from the Incident Power Re-

ceiver is conditioned for recording purposes by this circuit board.

A pulse-to-pulse incident power data updating occurs which is re-
corded on the tape recorder. The incident power is also filtered
before being applied to the analog recorder. A tape offset bias

control and amplitude controls exist for offsetting voltage adjust-

ments and scaling purposes. See Figure 28.

5.4 INCIDENT POWER RECEIVER

An Incident Power Receiver waa implemented to measure the X- and

L-band power illuminating the bistatic site. It is capable of mea-

*I suring the received power on a pulse-to-pulse basis.

Figure 28 is a block diagram of the X-L Incident Power Re-

, ceiver. The transmitter power radiating from the C46F aircraft is

received by the open-ended waveguide antennae. The RF pulses are

mixed with the local oscillators generating a 60-MHz IF. The 60-MHz

IF is amplified by a log amplifier which generates video output

pulses.

The same pulse data acquisition technique is used for the inci-

dent power as is used in the bistatic data receivers. That is, the

video is split into two paths. One path is used to trigger a
sample-hold gate which is delayed long enough to intercept the de-
layed video at the output of a delay line. The sampled video pulse

"is held for about 225 psec before resetting and waits for the next

PRF interval to occur. The output of the sample-hold is coupled to

the van for signal conditioning before being applied to the tape and

analog recorders.

The Incident Power Receiver is also capable cf generating X- and

L-band calibration pulses. The X-band calibration pulses are also

I-I
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used to simulate an aircraft transmitter signal to check out the PRF
h1 •receiver.

Two X-band Gunn oscillators and a 60-MHz generator are used to

generate the following:

1. 9512 MHz, X-band L.O. frequency,

2. 1255 MHz, L-band L.O. frequency,

3. 9452 MHz, calibration X-band transmitter frequency, and

4. 1315 MHz, calibration L-band transmitter frequency.

The gate control block shown in Figure 28 is used to Senerate

the same pulse sequences and pulse widths transmitted by the C46lY

aircraft. The gate control circuits are triggered from the van

whenever calibration or PRF receiver checkout procedures are

employed.

Frequency response curves are illustrated for both the X-band

and L-band receivers in Figures 29 and 30, respectively. The mini-

mum detectable RF powers for the X- and L-band receivers are -65 dBm

and -52 dBm, respectively.
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6

CONCLUSIONS AND RECOMMENDATIONS

Additional bistatic clutter data have been obtained for a select

set of bistatic angles using coherent air-ground instrumentation

developed under a previous DARPA-RADC program [I]. Two test sites

were proposed for use in this data gathering program to provide bi-

static scattering data for rough ground and for a forested area.

The timing of the program was such that the proposed data gather-

ing was delayed until the winter months of 1977-1978, resulting in

data being obtained from snow-covered terrain. Although bistatic

data from snow-covered terrain is of great interest for bistatic sys-

tems performance analysis, difficulties in data gathering operations

were encountered due to the cold weather. During the data gathering

in February 1978p the extreme cold conditions resulted in an unex-

pected shift of the 3 cm-band frequency. Effort has been made as a

part of the data analy3is task and as a part of an ERIM IR&D task to

correct these data, However, results obtained indicate that the un-

certainty in most of this particular data set is too large for the

data to be meaningful. This is discussed in Section 3.

6.1 CONCLUSIONS

The Y results obtained from the processed data appear to be

in general agreement with other available data . A few comparisons

with reported results from appropriate backscatter measurements using
horizontal-horizontal polarization have been made. Results reported

by Linell [4] show the average X-band a value for forests to be

S-il dB for low depression angles. For similar conditions, Hayes,

et al. report (; values ranging from -14.2 to -3.6 dB. Results

f of Katz and Spetner [5] report average X-band a values of -16 dB

for 0S 180 0 (10 depression angle), 7 7 -11 dB for 0S 70 , and
t0
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-o "-10 dB for 0s - 60. Ament, et al. [6] report median L-band a0
0 LS

0 0values of -21 dB for 0 80°, -22 dB for 0. = 70°, and -17 dB for
0

0 - 600. These values compare favorably with the results obtained

from the March 1978 measurements of the orchard - forest scene.

The same location, site II, was used as a test site during this

series of measurements and during the 1976 bistatic measurements pro-

gram. A comparison of aO results from 1976 and 1978 obtained at

23.5 cm wavelength at site II show little variation, as shown in Fig-

ure 31. This seems to be expected; using values of dielectric con-

stant of the snow measured during the 1978 data gathering, the depth

of penetration at 23.5 cm is 2-4 meters. Scattering should then be

predominantly from the snow-terrain interface and the roughness of

the terrain was the same for both data measurement periods.

The utilization of the incident power receivers to provide a con-

tinuous record of illumination power level reduced the overall error

in the data reported to +4 dB for the March data and for a portion

of the February data.

6.2 RECOMMENDATIONS

Although additional quantitative measures of bistatic scattering
coefficients have been provided to expand the available data base,

it is believed that the requirement for bistatic scattering data

still exists. In particular, all data obtained to date from two

series of air-tower bistatic measurements were collected using hori-

zontal polarization. Also, the available data base includes a lim-

ited range of bistatic angles. In addition, the air-tower coherent

instrumentation developed can be used for bistatic system simulation

and target measurements as well as clutter measurements.

1. The air-to-tower instrumentation provides coherent bistatic

measurement capability; this system should be utilized to

obtain additional calibrated clutter and target data to
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support bistatic system design and to verify results from

bistatic system requirements. It is recommended that this

capability be utilized, not only for additional clutter mea-

surements, but to obtain target RCS measurements in a con-

trolled bistatic clutter environment. Since the system does

operate coherently, Doppler information from moving targets

can be obtained to provide information for bistatic MTI sys-

temr design.

2. A study of the aerial photograph of site III shows the

ordered pattern of the orchard; the trees are not randomly

distributed as would be expected in a natural forest. Pre-

Li liminary consideration of the a results obtained indicateso

that the values are related to the orientation of the look

angles and orchard tree pattern. It is recommended that this

relationship be studied to determine this relationship.

These results would be of great value for application to gen-

eral clutter modeling.

3. A series of data gathering flights should be conducted, using

the existing instrumentation to obtain vertical polarization
bistatic scattering coefficients. Since all of the measure-
ment instrumentation and data reduction systems are availa-

ble, this could be accomplished with a minimum cost. These

data gathering flights should be conducted during early

Spring and again in late Fall. The test sites should include

a rough, bare field under very dry conditions and again, when

very wet conditions exist. Water content, in addition to

i other ground conditions, should be measured.
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APPENDIX A
MEASUREMENT DATA

This appendix contains Figures A-1 through A-146, all of which

provide plots of cross section ao vs. azimuth angle (p" In each

figure, the upper graph displays all the data for the particular

combination of parameters; in the lower graph, the data are averaged

over 50 interv&ls. Pertinent measurement parameters include fre-

I quency, polarization, as well as incidence and scattering angles

(0. and 0, respectively). The frequencies used were L-band

(1315 MHz) and X-band (9452 MHz). The transmitted polarization was

horizontal while the received polarizations were parallel (horizon-

tal) and cross (vertical). Values for 0. were 60, 65, 70, and

800; for 0, they were 60, 70, 80, and 840.
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N, ':0 O . .. .. .. . . ........ .. I-.. .. . .. + . . . . .. ,I . . . .. . . . . * -÷ . . . . .. +a

• -30 , 0' ........ (Above All... .. Daa Below:.. Averages.. Ove 5... . la. ... ..val....)
Al•

V ' 0 0 t.. . . . . .t . . . . . ". . . .. . . . . . ."". . . . . . . . .+ . . . .

. • ,- .. -? ., : -.- ,.r,•-,.?T - : +-------*-+ --------.. ..---. ,--



L.-PAND CROSS T3/17/7843
i;CUTOFF= O,

¾ -0io0+ -+------

--...1.0 .0 - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

•,•i;!) ' .-20. + - -- - - ------- -----------... .....--...... .---......---....... --..... ..-

O,1.5. 30ý 4 .'J: 60 75. 90, * 05,

- (Above: All Data; Below: Averages Over 5* Intervals)

-

S* *
ii '- to .... . . .. . . .. .. . . -... * -.. .. . . .+-.. . . . . + -.... .. . +-.. . . .+ -. . . . .+

* **

S * *

S. T "%:FIGURE A- l., -vs.. ' . ........... . ...



S L-T•AND CROSS T3/17/78#10
i CUTOFF= 04 *

[-0.0+ --- ------------------------------
* *

* * * *

S* * * *** **• * **

-20'* --- *----*-----*----- - -- * -' *+

i J :W* ** * ***• *,,•,,•i'•€ --- ---- ---- ---- ---- --- --, . .-- -- ,- -,+ - , -

,,* * * W•( *

,7.i-40 .04 --- -- -- -- -- --- -- -- -- -- --- - - -- -- - - --- -- -- -- --

75, 90. 1095 120. 13•5 150, 16.5, 180,

FIGURE A-12. c vs a; es 80t, 8i 60O

(Above: All Data; Below: Averages Over 5" Intervals)

J0 0 .. . . .+... . . . . .. . . .. .+. . ... + .. . . .+ . . . .

-20.0-------+------------+----*-----*----*--+------------+------------+
- 10 .0O b. . . ..+ ----- ----- --- - - - - -- - - - - -.. .. . --.. .... ..---... ....---..... . -+-.. .. ..-

-20 .... *. -- - * -- *------- * *.......--

I *-40 .0 - -.......... - .... ....-- --........--

75. 90. 105. 120. 1.35, 150. 165. 180.

II
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L.-BrND F ARAI..L t.L T3/17/78*2
CUTOFF= 0.

-0.+----------------- ---------------------------

0 a

-- - o- -+ . .. . . . . .- - - - -

{*

-1.0. 0+---... ... --------- -------- - ------------ . .-!---.. . ..

-20. -- •:-••-* -: -4-, 4. : --- -- -- .. .4

-- +----------+----------- ------

- 4 0 . 0 + -- -- -- -- -- -- -- ---- ---- ------- ----- ----.. .. - . . . .. . . . . . . . . . .1-- -
0. .15, 30. 45, 60, 7`j 90$ 05Li

F~IGURE A-I3.3. ° vs * ; e - 84*, 0 - 60"

(AIbove: All Data; Below: Averages Over 5" Intervals)

-0. O+--...........+------------4-------------------+---------....------.....+.....+-----------+

-- 10.0+ ... •- - •--- --+ - .. ...- 4 ...- ----- - - - - --...-.. . ...- .... .. 4-.- ... ... + -... ....
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L-BAND PARALLEL T3/ 17/78*11
CUTOPFF 10.

10.0+ -- +- + -

-10o0+---+--+--------- ----*• * *--* +----+

:i'-20 ,0+ ------ -- ----- --- ---- ---- --- ----- -- ------ - ------- -------

-30 ,0+ ....... -.+ .+ . - --+--+-- ------- --- --+- - +
75, . 90. 105. 120. 135. 150. 1. 65 180.

FIGURE A-14. a vs *; 6s - 84', 61 , 60 I
(Above: All Data; Below: Averages Over 5* Intervals)

10+----------------------4----------+----------9----------+---------+

10. 0+ -....- .---------.----------.---------- +----------+--------.--------+

-0t . 04 ---------------- ----- - +------- -- +---------+

-50 , 4 O-- -.. . ... . . -.. . .... . . -.......... ... .- -.. . . . . . . + -.. . . .. .. - -.. . . . . .. --. . . . ... . . +

75. 901 105. :120, 135. 150. .1.65. 180.

98
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! ..
$ 4_ _ I

' ,,,--'.--•-- " -" :. .. ,_.._ 1,,. ". - -.. - - ..-.. .- ___-- _--.L•,._ , • . !• ' • t .• • z• ", • .. ; :',..•-o ,



L-SAND CROSS T3/17/7812 SCULT OFF= O

i•- 0 . 0 + -- -- --- -- - -- - ---- --- --- - -- ---- - -- --- -- - ---- -- - --- ---

--- 0,0+-------+--4-4---+ - + -

' t* * .. *-**..**-*--*--* . ----------------------------

S~~~--4 0 0 "Q f . . . .- • .... +., -< .. . .. . ; -.- -- -, - -X --- ---- • . .. . . . .. t . . . . .+ . . . . . . . . ..- -+

0. 15. 30. 45. bo. 75. 90. 105.

S~FIGURE A-iS. '0o'vs * ; 08 - 84, Ui - 60"

•, (Above: All Data; Below: Averages Over 5" Intervai•)

--0,0±---------+..... . --........4 ....... .. .. ! ..- .. ... - 4.... ----..... ..... --.... .....+---------.+

-:-2 , -.... . . . .-- ..........--- .............. 4. -- - ----.. . . . .. + -.. .. .. ..- +-. ......-- -. .. .

*/

-30 * 0±- ... .. . .. -.. . .. . + ... . . .+. . . . . . . . .+ . . . ... + . .. . .. +

Oill

-- 40.------------- ----------. -A-- -.-- -- 4 - -

i - - L- . -... . ."-ilI L . ... . • :i, :_•_ ... ... ;-i.,.. . .. • . ... . • •" ... " •'• - . . . . '--- " t' • • ,• -'-...: • • ,.•.. , ,#. _•. <.•.• • ,,.. : ,,, , -, - • ..,,-i r•, • .... . . . . •. '•• '•• , ii



SL-BAND CROSS T3/17/78411
CUTOFF= 0.

-0 ,0 +- -+------ !

-200. -- . ---- +---------- ------

-40. + +----------------------------------

75, 90. 105. 120. 135. 150. .165. 180.

FIGURE A-16. a0 vs 02; s a 84% S a i60*

(Above: All Data; Below: Averages Over 5" Intervals)

-0.0+---------+---------+---------+---------+---------+---------+---------+

-20.0+---------+---------.--------.---.-------+-----------.---------+---------+

-20. 0+--- ------------------------+-*-*--*-*------------------.

-40,01 --------------------------+---------+---------+---------+----+----4
75, 900 109. 120. 135. 150. 165. 180.

100

7I

-0.0w

* ~..
-i0, O+ ......... + ............. r~ ~~~~ ~ .... .... - ... . . . . . . .. +.. . ..- . . . .

.1- ..,I



I. -BAND F',LLEI... T3/18/78#8

CUTOFF= 0,

-0.+ -0 *--- --- -- -- - - - --I. -- -A11

* ** *

ii} 10 01,**- +.. . *- - * *,I

-------- ------ +----------+----------+

S-2o, o+,-**-, --+----,------ -------------,-.-,--,------

-40.0 +----------+--------------------------------------------------
O, 15. 30. 45, 60. 75, 90. 105,

.U-RE A-17. oa vs # ; 08 60"e, a 70"
01 at:(Above. All Data; Below, Averages Over 5" intervals)

-040+---------+---------+-------------------+---------+---------+-----------

-2O0.0------*-----{---- -- - ------- ------ ------.-- +-------.--.--

* *

-20. 0 ---------- -*-.-*---,------- --.. ---- . +------ ..... . ..---------+-----------

-:30.0+----------.....- .-..-- -......- -

-40.0+ - --------------- +----------- --- ---- ..--.-.------ +
, 0, . 30.• 45, 60.• 75,• # 90,1 .. •
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L-BAND PARALLEL T3/18/73#5 CO 0
CUTOFF- 0.

-0,0 -- - -- - - -- - - - - - - --- --- --- --- --- --- --- --- ---

-20,0---------+---------+---------+

-300 ------------ ---- +--- -------*-**-**--*:**-**

-40.0+ ------------------+ - - -- ** -
75. 90. 105. 120. 135. 150. 165. 180,

FIGURE A-18. aovs *6; e-60% e - 70

(Above: All Data; Beloa: Averages Over 30 Intervals)

-0 , --- -- -- --------- ------------------ ---------

20,0+------------------.---------- f ----------------- + -------------- + +

-30.0+---------.--- ------.....+----. -----.-.-----------'* *

40,0-------------------+ -- -- ........ ........ -........-- "-..

75. 90. 105. 120. 1354 150 165o. 180.
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[-BAND CROSS T3/18/78#8
CUTOFF- 0.

',I

-10,0------------+-----------..-.---------------------------+------------+------------+ 1
---- --.- --------------.-----------....---.... ----------- +--------------- +------------

0. 1*. 30, 45° 60, 75, 90° 105*

FIGURE A-19. co -118 0; es 600, ei 70*

(Above: All Data; Below: Averages OMer V" Intervals)

* -+ ----- +------ -------------- ----

-30.0++ - . +.. . +- ---------- +

, S * *

* *

0. 1.. 30. 45. 60. 75. 90, t05,

S103
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L-BAND CROSS T3/18/78#5
CUTOF'F, -10.

-10.0+ ---- ------------------------------------------------------------

-*0.0 - - - - - .. ........:

-40,0 +----*+ ---- -+-- . ------ --------+ ------ - *+

-50..0 - ---------- --------- ----------------- --------- --------- ----

75. 90. 105. 120. 135. 150. 165# 180.

FIGURE A-20. o va #s; es 60% ei - 70*

(Above: All Data; Below: Averages Over 5* Intervals)

-10.0+ ---- ----------------------------------------+-------------------

-20.0+ ---------------------------------------------------------------

-30.0 +-------------- - ----------- --- +-- ---------- +-----------

* I-40.0+ ---------.- +----------+------------ ----------.----------+---------+

-30.0+--------+----------------------+----------+----------------------+---------18S75, 906 105# 120. t35, 150. 1,45. 180f
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w

L-BAND PARALLEL T3/18/78*9
CUTOFF- 0.

-00------------------.----------+---------+---------+----------: : ,i*-o.0 *

-10,0+--***---* -- - - - - - --*- -*-

-20-0+* -- *------ --- + ----- +

-30°0+. . . .+ --- -- -- -- -- *--- - - - - - - - - - - - - - - - - - - - - - tI+•+•

-40.0 - - +------------------------

0. 15# 30. 45. 60, 75. 900 105*

FIGURE A-21. co vs ý a; e. " 700, ei .70*

S(Above: All Data; Below: Averages Over 5* Intervals)

-0 .*.047O 6. 75 0. 15

S-20,0 ---------------- -- +--* ------------------ --.. ...-- +

-30,0 ........---. ------- ------------- ------------

I*

-40,0"----------+-----.---.----+---------+------------------+--------- f

"O1t5. 30. 45. 60, 75. 90, 10b,

105

,•.,,,<o.• ,,. ,-• •., • ,, .r ,-,, ,.



L-9AND PARALLEL T3/18/7804
CUTOFF= O.

* I.

-10.0 + ---------------- +--**----+ .. ***-**---**-

-20.0 ---------------------------- +-------, -- -- ---

* ** *

-30 .0O . .------ ........---- .........--- ........- --- --- --- ---------

-40.0 --- --- -- - --- --- --- --- --- --- --- --- --- --- --- --- ---

75. 90. 1.05. 1.20. 135. 150. 165, 180,

FIGURE A-22. o vs *a; es - 70%, e - 70"

(Above: All Data; Below: Averages Over 5" Intervals)

-0.0+--------+------------------+------------+------------+--------- --- +------------+

-1.0O+ ---------.--------------------- -+-----------* ----------+

-20. o+ ------------------------ ------------------------

--

-40,0+---------+----------+----------+----------+----------+----------+----------+
75. 90. 105. 120, 1.35, 150, 165, 180.
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L-BAND CROSS T3/18/78#9
CUJTOFF= 0.

-2o -- .--------+--- ----.- ----------------- ---- + C .J..F...0.

0.• 1. 5. 30. 45s 60. 75, 90, .0

FIGURE A-23. ao Vs 6 0 0

(Above: All Data; Below: Average's Over 5" Intervals)

- 10 . 0 -- - -- - - +--- - -- - - - - - - - - - - --- +-- - - -- - - - -

ii

- 0 , 0 --- --- ----. f . .. . .....-- -- . . . .. .-- --. .. .... .-- --. . . . . .-+ -. .. . . ...-- -. ..... . ..-

0. 1 30. 455. 60,, 75. 90.• 105..
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L-BAND CROSS T3/18/78#4
CUTOFF- O.#.

- 0 . 0 4 - -------- -------- -------- -------- -------- -------- --------

-10.O+ ----- ----- ----- ----- ---- --- + -- - - -------. --'

I!

•j-20 - - - - - - - - - - - - -- -

-3o.o+ +--------------- * ** * _

-40.0+ -----------+ ------------------------------------------------- +
75. 90, 105. 120. 1354 150. 16&. 180, Ir(

FIGURE A-24. a0 vs 0; es 70, . , a 70*

(Above: All Data; Below: Averages Over 50 Intervals) I

----- +--------------+----------+----------+----------+-----------.- 5
-10.0+ --------- ------------------------- * :t-+-+

K-20.0+------F------ ÷ * * * *.*.. * -- I

-30.0+ --------- +----------+----------+----------+----------+----------+--.--------. I

9. -40.0+ ---------- +----------+----------.----------+---------------------------

75* 90# 105# 120, 135. 150. 165, 180I
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4]
L-BAND PARALLEL.. TZ,/18/78.1.0 0,

CUTOFF"= 0,

I -10.0+ - - - - - - - - - - - - - - - - - - - - - - - - -

-20.0+-* ------------- ---- _- -. . . *-- -- - - - -. - -. -7+

•; ~ ~~~~~~-40.0÷ --) -" -. . . .--. . . .. ) . .. .. -.. .. .-4. -------------- ----------------)* ** +

3. 15, 30. 45. 60. 75. 90. 1•1.o,.

F FIGURE A-25. a vs.*; Be " 800, e. 70

(Above: All Data; Below: Averages Over 5* intervals)

-.+---- --.------------ - - - -- +-,--"-+- -

-10.0+ ------- +- -------- + --...-- ------------- --- ----- ----+----- -----------

-40.0 -.- -- -- -- +---- .- -. ..... .++ --- .... +--- -...... +
S0. J.5. 300 ,!1 60. 75. 90. I h 1,
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L-BAND PARALLEL T3/18/78t3
CLLTOFF= 0.

-0, +---------+-------------------+-------------------+------------------

-10. 0+--------.-+------------+-----------+----------*---**--- * --*---

-20,0 ----------- + -------- --------- --- *-****--*--+--* - +-----------+

-30 .0 ------------+ ------- * . .. . K--- .-- - --- *--*+

-40. +--------------------- ---------------------- -------------- +
75, 90. 0os. 120, 135. 150. 165. 180.

FIGURE A-26. avs ; 8 - 80% e 70°0I
(Above: All Data; Below: Averages Over 5' Intervals)

-20.0+ ------------- +- . ------------+-------------+-------------+------------+----------+-3.0.0+------------------------------------------+------------+-------------------------+

-0.0 +---------+-. -------+ --- --------- +---- +------------+------------+

75. 90. Wo5. 120. 135. .SO. 165. t8o.

IA F)2 tiI A.

.. *

I,.



L-PAND CROSS T3/18/78*10

CUTOFF= 0.

-0.0+ - - - - - - - - - - - ------ ---- .+

;-0 ----------- ------

e ~ ~ ~ ~ 1 1* *0 5 0 7.9* 1*

- 0. ---*-- --. -**** -* - -

ps

10 +

-40. O ... . + ....+- - ...... *-... ...+- .....+ .... t..... -*+

!. IS. 30. 45, 60. 75. 90. 105,.

FIGURE A-27. o vs *; O - 80, eA - 70i

(Above: All Pat.a; Bei~ov: Averages Over 50° Interval.)

-0(+ . . . .. +... .. .+ . . .. .. . . ... +. .. . .+. . . . . . . ..1

V-0O+- 1 ; 3. 1-*i--; - +----------+90-. 105

S.. . .. , •, • .• ,-.., -;<,Zt¢• • ,..•-.•~z7• /, .• r, ,• ,. ,.,•, ,-:'.: .•. .. . • .



n• -,' y-•' -.•,,=-=. -w ,: .-. •,.. _ ---

FL-RAND) CROSS r3/18/78#3

CUTOFF" -20.

S-20.+0* ----------- +---------4- *--.------------.-----------

* a

3o * * *•* * * ,* *

,, a, ** *** *** * **,=

* * * ,a ** * **********a a
-40.0 ,----------+---------+--------- --

-0+---------+-------------------:--- ----------------

75. 90. t05#... 3. .... .1 .. -. 1 . 1.0.

.IGURA-. 8 va *; es - 80. 81 - 70*

(Above: All Data; Below: Averages Over 50 Intervals)

-20.0+--------- ------------------------------------------------------ I
-30.0* --------- +---------+-------------------*---------+---------+-----*-+

4004 - ------ ---------- - - +- -* * -* * *----

a f
----0.0+..........------ ----------------------

-60.0+---------+---------+---------+4---------+---------+---------+---------+SI:

4 6~ +.. .. -4` 4 '4,+

• I
75 9 - P. 2 , 13 30 1



I -I
L-BAND PARALLEL. T3/18/78t11 CUTOF 0.

-0,0+-----------------4 ---------+---------+---------+---------+---------+
* *

-- + --------- ++------------

- 2 0 . 0 + -- - - * -+- -* --- - + -- - . . . . . . + . . . . . ..- +- - -- - - -- --- --------- ----------

2* 2s. 302 45*. 752 90 105*

*IGURE A-29. o 2 V * 4; ea*- 842 et - 70*

(Above: All Data; Below: Averages over 5* Intervals) "

-0.0+ -------------- +------------ - --------------- +--------------+------------------------
-40.04 --------------------------------------- +--------------+-----------------------------+

0, iS.) 30. 45. 60. 75. 90. 10115.

-- +----------.----+

*
i -20 °0 * 2.. . . * .. . . . 2 . . . . + . . . . * . . . . 2'. . . . . . . .

i -40.0+'-.........+-........-+-........-+---------.+-------...... ---+ ---------+...... j
0.O 1:3. 30. 45. 60. 75. 90. 105.

- . .. . . .



L-B ANrD PARALLEL T3/18/7802
CUTOFF- 10.,'

10'0+-----------+---------+------ -------------+---------+-*--+*---------+

•,- 0. - -o-- -- --- -- - ---- -- ,- . .--- , ,- + - ** -,

* *•i*•

-20 .0+ -- ------- ---- - ------------- +*.- +-- ..... . -- ----

75. 90° 105* 120o 135. 1504 1654 ISO,

FIGURE A-30. a° vs 01 as - 84%. e. - 700

(A0ove: All Data; Below: Averages overL 5* Inter'vals,)

-0'0 -- - - - - -- - - - - -- - - - - - ---- ---------.. -- )l . . - 4

p -0.0------------+ +------ - ---

*75 90. 105* 120* 135, 150. 165# 180.

S114



L-BAND CROSS T3/18/78Z1t,itCUTOFF= 0.

-10 , - ----- -.. .. .+-, ------ --- --- ----- -- --- -- --- -- --- ----- --

- o+.. +-..+--------------------------+ --- CUTO-F ...

---------------------- +----------+

-4 , 4 . .. . +-, I't-
-40.0+---------+---------+---------+---------+---------+---------+----------0, 15, 30, 45, 60. 75, 90. 105,

FIGURE A-31. a va 4s' es 1 84±, - 70"

(Above: All Data; Below: Averages Over 59 Intervals)

-0,0+--------+--------+--------+--------+--------+--------+----- 7---+

-10,0+---------+----------+----------+----------+----------+----------+----------+

-20,0 ------------------------------------------.....-- *- +----------+

-30.0+----------+----- 0i

+4, ---------------------------- +------------+--------+----------+

0. 13. 30. 45. 60. 75. 90. 105,

115
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L-BAND CROSS T3/18/78#2
CUTOFF= 10#

10 00 --- -- --- -- -- --- -- -- - -- -- --- -- -- --- -- -- - -- -- --

-0 *j-- --------- ..... +

-20.0+--- -- -- - -- -- - -- -- - -- ---- -------. --- .. .* . . -- *+-* ------

-30.04 .!4 -- - - - - - - - - -- - - - - - - - - - --------------- .. +

175. 90 4 105. .120 , 135. 150. 165. 180 0

FIGURE A-32. 0 a80oe 0

A 01 aa Below: Aversaes Over 5* intervals) '

(Above:= l aa

' !

75* 90. 105 * 120. 1*5 , 150 . 165* ISO,

", ~116

FI-U 1 
v 0., -t , k- 

- 7 0 777. 77T

L7!

(Aoe: A Daa e. o Avegs ve 5 ntrvl-

10.0------+------+------+------+------+------+------



L-BAND FARALLI.E T3/18/78#1e
CUTOFF= 0.

-0.0+-------------------- --------------------- --- ----------------- *1

,*:*

-- . .. --+----- --------------------+ +

-30#0• -- - - - - - - - -- -- -- ----------------------- ------------

-40.0 -- -- - -- -- - -- -- - -- -- - -- -- - -- -- - -- -- - -- -- -
06, 15, 30# 45, 60, 75. 90, 15

FIGURE• A-33. co va t ; 0I a 60%, eI a 70"

(Above ** l *aa Beow *vrae * ve 5*ltra

-20.0+ -. .-..-.-..----- ------+- -- ---------- + -- +

,-20,0 . . . .--- - -- - - - ---- -- - - - -- - - -- .....--- ---------------

[I

-40,0 ------------.---- f -------------------+- ----..------ --------+------+
0, IS1,. 3'0. 45. 60# 75. 901 O . '

117---'--------- - -- - -. --*--"-.................----------+

S. . . • ' •A•.,• '. -- ,L-.,, • ' •*.*



L-BAND FARALLEL T3/18/78#18
CUTOFF- Op

-0.0 ------------------ +--------- --------- - -----

-o0.+ ------------+ -- + -------------- +-

-30,0+ - + -- --*----- -- ----- -----.--------- -- -.--- +-

75) 90. i0s o 120# 1354. Ib0, 165, I80O,

[I' •'FIGURE A-34. a° va s e 60", ei -0 80"

•i(Above: All Data; Below! Averages over 51 intervals)

-0,0-------------- j--

i ~ ~~~-30,0 ----- ---------- ---- ----- ----- ----- --------.. ... +. . .. . t .. .. ., . . --- --- --- -----

i * * * *

-40.0+ -------- +------.--------------------------------------------- . .`+

FGRA375. 90f 105, 120o 135. 151*0 1'5, 1808

(ieA



L-BAND CROSS T3/18/78*16
CUTOFF= 0.

i. - 0 ,0 - -- --- --- --- --- -- --- -- - --- --- --- -- - -- --- -- - --- --

1-10.0 .---.----.-. + ----+ -- +-- +-+-+-+-

*20 - *- 2* - *--- - ---------- +-

-------- - 400----------------------------------------------+*---*----*----+----------

O. 15# 130. 45. 604 75# 90# 10!5#

FIGURE A-35. a0 vs 4 ; as " 60", ei 80" 0

(Above: All Data; Below: Averages Over V" Intervals) "

-0 .0+' ---- --- - -- --- -- --- --- --- -- --- --- --- -- --- -- - --- --

; ~ -20.0 ---- ---- ---- ------ --------- -----.+.. .. / -- . . . .: . . . .---------- --- -- --

0 * 15, *0. 45* 60* 275 90* 10*;
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L-BHAND CROSS T3/18/78#18
CUTOFF- 0.

-10-0+ -----------.--------------------------------- ------

-20.0o4÷.. .----------------------- +-----_----

-30. 0 ----- +--....---+------*------t-- .... -t-+•- --- +

-400 --------- +-....•--------------------+---------+
75. 904 105, 120# 1354 150, 165ý 180,

FIGURE A-36. a v ; e -600, 6 1 80"

(Above: All Data; Below: Average. Over 5' Intervals)

-10.0+---------+---------+---------+---------+---------+---------+---------+

-20.0+--------+--------+-----------------+--------+--------+---------+

-20.0---- ------------ +--------+---- ----------------------- +-----------I

------------ -----------------... *

-40.0+---------+---------+---------+---------+---------+---------------

i

S75. Y04 105,5 120# 13 5. 150. 165# ISO,

12

.*. 120

- '''A



L-FIAND PARA/LI.EL T3/18/78115
CUTOFF= 0,

S-10.0+ * ........ -.- * "-----------------------

---- ---- ** .... +

-30, O+------------*-*-*+-*- --- +--*---+--- ----.-..

S-40.0+ -- - - -- - - - - - - - - - I -- -- - -- -- - ---- - -- -- - -- -

0. 15. 30. 45. 60. 75. 90. 105.

FIGURE A-37. a0 va a es e 70%, e 1 801

(Above: All Data; Below: Averages Over 5* Intervals)

I o.15, 0o 4-. 0 .0. 05.

S~121 .

f...--------+---- - - --



L-RAND PARALLEL. T3/18/78#19
CUTOFF= 10.

10.0+ --------------------

9.

-10.0+ ---- +-- -- +-+-..-+-

-30 ,0 --- -- --- -- --- -- -- --- -- --- -- --- -- -- --- -- --- -- --
t75. 90. 105# 1720 135# 150. 1650 I80O,

i*

FIGURE A-38. ao v s; 68 " 70%", W:" 80"

(Above: All Data; Below: Averages over 5" intervale)

-10.0+ ---------+ ----------... ----

30 0-----------------------------------------+-----------------

:::!".- '75. 90. 105, 120. 135. 150, 165. 180.

:' ~122"-

FItRA-8 s: 0

(Abo... ... .... Al D .t.;.elow A ra e Ove ........ e.....l.)

• •t• ,..,• .•€.. • ",.,.,, ,.' ". ,•,, ...
100------------------------------------------



L-BAND CROSS T3/18/78#15

CUTOFF= 0.

--- 0+:----*-*------------+--

-30.0 ........-- --- X --- --- --- -- - --- --- --- --- --- --- -- - --- --p3
-40 0 -- - - - - - -- - - - - - -.. .. . -- -- -.. .. . ----------------------------+

0.. 15. 30, 45. 60. 75. 90. 105.

FIGURE A-39. ao ve 8£ " 70%, 08 80

(Above: All Data; Below: Averages Over 5? Intervals)

-0.0+ --------.- +. -----------------+--------+--------+--------+--------+

i ~ ~~-20 .0(+--* ---- .. .* . . . --. f- - ---------Y-- -.. .. . .f. .. .- .. . . .+... . ..

11

S~~~~~-1•0.0OT-..---.----------------... ---------... 4----------..-------.----+----.....--+-.......---+

-20 O+-- - 1 - -- +--*---*--+ - - - ----- 7--+--- - +-----------

* .. * .

* * * I

• • •'"• '•° '., .'., • , , I



L-E4AND CROSS3 T3/18/78#19

CUTOFF- 10.

±0.0+ -- - -- - -

----------------+--------------+-------+------

-1.+--- --------------------- * )** * *

------0------------------------------------------------- ---------------+
7'5. 90. t ki0~ I 20, 135. 1506 165o 180.

FIGUR9 A-40. a vs*8 D4 es "0*9 0 go*

(Above: All Data; Beolow: Averages Over 50 Intervals)

10,0+--------------------------------+----+----+--------+------

H 1------------------------- ----------------+----+------

- --- ----- -- I - ------ *--*-*---*-.

- - - - - - - -- - - - - - - - - - - -- - - - - -- - - - - -- - - -- -

ii-0. 0+ ----------------4 --------- f---------4----------+---------+---------+

75.0 - - - * 90.- -0+- - - -42- - --35- - - -4- - --5

124



L-BAND PARALLEL /.9/?8•14
CUTOFF= 0.

-0,01 --- -- -- - -- -- - - - -- -- -- - -- -- -- - -- -- -- - -- -- -

- o - - - .:..-, .- ---------.----------

-30.0 - -- ---------------- ------------------
ij

-4 +---------.. .. "t-• .... .+*------------+------------+

0, 15. 30, 45. 60. 75. 90. 105.

FIGURE A-41. av *; 6e Sol0., W " 801
(Above: All Data; Below: Averages Over 53 Intervals)

-060+ -------- +--------+-------- ------------ 4-----

-10.0+ ------------------+--------+ - -- -----------

-20* -- --- --- --- --- ---- --- --- ------ --- -------- +--------+-

S--------+--- ---- -- -- -- -- --........--- -- ---------

-40,0------------------4--------+--------------------------0. i. 045. 60, 73. 90. 101.

125
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L-BAND PARALLEL T3/18/78#20
CUTOFF- 10.

:1 ~ ~10.0+--------------- --- +-----------------+------------+-----------+------------+

-0, 0 +- ------ -------- *+--- --- ---------------- $*-*-+

-10.0 + + ---------- ------- -

-200 --- ------------------------------------- **

75° 10O. 105. 120, 135, 150, 1650 ISO,

FIGUME A-42. vs s; es - 80%, ei 800

(Above: All Data; Below: Averages Over 5* Intervals)

-0,0+ --- --- --- --- -- -- -- -------- f
+----------+-- +----------+-----------+

-10 .° 0 .t- ------------ --------- --------- ---------.-. --... . . * -- + - L ------- -- -------+ "

-0.0---------------------------------------------------------------------

-10.0 -------------------- +------------+------------+--*--+-----------+-----------+

75. 90, 105. 120. 135, 150. 165. 180.

126
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L-BAND CROSS T3/18/78t14 CUTOFF- 0.

-00+.----------------------------------+----------+-----------------

-10.0+ ------------------- -----------------------------------------.--- i

* *
----- -*-- *-----------------+----------+----------+

-30.0+ **----- * +----------+----------+ ÷

-40.0+--------+----------+----------+----------+---------+----------+----------+
0. 1i. 30o 45, 60. 75. 90. 105.

FIGURE A-43. av *,; e e 80, 0, - 80'
aV

(Above: All Data; Below: Averages Over V Intervals)

- 10 ,04 - - -- -- -- - -- -- -- -- -+ . . . . .+ . . . . .... .. . . -. . . .. + . .. -- ---------
I .IK~-20.0+--*----+----------+--- ------.-----------+----------+----------+ r--

-30,0+------- --- +----------+---------- -----------------------+~t----------+

-40,0 ------------------------------------------+

00 , 5l 30. 45, 604 75° 90. 105o

L~i• :]127

+--------*-*- +- -74

; i

,1' 0,1.3. 45.*. 0.-" .5" 90 105.

12 ,o " .... , =



L-BAND CROSS T3/18/78120
CUTOFF= 0.

-00+ ---------------------------- ------------------------------------

-10.0 --------- +----------+-

-20.0+ -------------------------------- - ----

-------------------+---------+-----2***-+---------*---------+

-40.0 ----------------------------------------------* *2* -
75. 90. 105. 120. 135, 150+ 1+5, 180+

FIGURE A-44. vs * 0t es 800. 0 Baoo

(Above: All Data; Below: Averages Over 59 Intervals)

I, ,

-0.0+---------+---------+---------+---------+---------+---------+---------+

-10.0+0---------+--------- 4---------+---------+---------+---------+---------+

-20.0+---------+---------+---------+---------+---------+---------+---------+

-30,0+---------+---------+---------4i---------+---------+------ --- +--- ------ +

-40.0* --------- +---------4-------------------+---------+---------------
75. 90. 105. 120. 1350 .150. 165. 180.

211
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L-BAND PARAL.LEL T3/18/T7B13

S+--~.~.+ + ~ .CUTOFF= 0. *
-,1 . O------ --- -- -- ----

-20o0* .*** - **-- ** - ,- -....... *+ t-----

--- --......- - - ----------.-----------

04 O 15# 30# 456 600 75. 904 1054

FIGURE A-45. a:/ Vl s eI 84e, 9, 800

',i(Above: All Data; Below: Averages Over S' Intervals)

j3040 ------- *---------+ +~----------+----------+-----------I

- +-0+ -+" ....-..

- 10 #04.- --------- --------- --------- --------- -------------------.. ... -----.......-

-20,0. ------ -- -- --- -- - -- - -- -- - -- - -- - -- -- --- - -- -

- 3 0 ,0 + . . . . . ..-- ---- -,-- --- - - - -- - - - - -- - - - -- - - - - -- - - - -

-40,0 -- -- -- -- -- -- -- -- -- -- -- ---- -- -- -- -- -- -- -- -- -

0. 1.5. 30, 45. 60. 75. 90, 105.

1291FIURA-5'o v. e- 4

5 _ ,5 8.- 1. -""w - .... .0. . .



L-BAND PARALLEL T3/18/78#21
CUTOFF- 10.

10,0 - -- -- -- --- -- -- --- -- - - ----- -- -- --- -- -- --

-0 .0 ........---- -----...-- ----------- --------

-10.0. --- +-- --- - -+------ -----

-2 .0 + + ----- *.. +---- + ......-..- --- -*-- ---*----- --- I
-30,04 --- - - -- - - - -- - - -- - - - -- - - -- - - - -- -- -- - - -

75# 90# 105, 1206 135t 1504 1650 1804

FIGM A-46. a° vs es; m= 84=% 6i 800

(Above: All Data; Below: Averages Over 5o intervals)

-10.0+ .- ----------

--300 ------ +---- +-----------------+----------+--
75. 90, 105, 120. 135, 150# 1656 180.

~v130



L-BAN[I CROSS T3/18./78#13 K i
CUTOFF- of ..

, *1-0,0+---------+---------+---------+---------+-------------- ------

H- 1000. --- -- -- --- -- -- --- -- -- -- --- +--- -- -- -- -- -- -- -- --

-20.0+-* .....- -----....-------------------------

4t ,** ***t** *4t, 4t**

-40.0 ------------------+----------------------- +-------------------

O, 15, 30, 45,# 60, 75s 90. 105*

FIGURE A-47. oo vs Sin 02 - 840, 9, W so*

(Above: All Data; Below: Averages Over S* Interlvals)

-10.0• --- - - -- - - - -- - - - -f ------.. ---- - - - - - -- - - - - - -

* *t

-20.0 -++---------------- +- ------------------------------------------ -

S-400 -------------- -------------- -- ---------
0. 15. 300 45. 60. 715# 90* 105.

Ff

i'I
-0.0+-------..-'" + -'...+-----.---.+---+-. -,------+--,--------+----------+-------+-------

,77 71 ,,:,

* *



L-BAND CROSS T3/18/78#21
CUTOFFm 10.

10,0 .÷ -÷"

10.0+---------+---------+---------+---------+---------I----+-----

* *

-10.0+---------+---------+---------+-------------

2 . -- -- - ----------- - ---*- -----
S+ * 1 +

I* * 1* t1

75, 90. 105, 12: * 135 1504 165* ISO,

300+---------0----------------+------+---------+------------------+
I *1 1 11

FIUR A48 o v 4 8 *4 8 € -8

-10,04+------------------+----------+----------+----------+----------+----------4

-2060 ------- +----------+---- ------+----------+----------+----------+-----+'

K * * * *

* *,

-30.01 -- -- -- - -- -- -- - -- -- -- - -- -------- ---- --- ---- ---

75, 900 105, 120: 135. ISO, 165, 180.

001 3 2i

* *

4 * , 'I,



X-T4ANrD FPARALI.EL T3/17/7845 "0
CU*TO*FF 10.

i 1 0 , - - - - - - - - - -- - - - - - -- - -- - - - - - - - - +.. . . . . . .--

-0 , + * - - - - - - - - - - - - - --* - -- - -- - -- - - - - - - - - - - - -

* * * * *

-20,0+ ------------------------.. ---- -- - -- - --- -- -- --- - -- - -- -* :4

-30.0 ---------0------------------+------------------.•- ---O, 15, '30, 45, 60, 7S# 90* lO'S,

FICURE A-49. a vas ; es 60% ei. 60

(Above: All Data; Below: Averages Over 5* Intervals)

to,0 -------------- +*.--+------------+------.--------------+--------------+--------------+
Ii

-0.0+ --------- 4.---------+---------+---------- -

-10.0.--------------+---------------- - - - - - - - -- - - - -- - - - -

-+------------- ------------------------------- 4---------+---------+---------+

-30,0+. ----------+--------------------------- ---------------------------

0. t9. 30, 45, 60. 75, 904 105.

133
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X-BAND PARALLEL T3/17/7808

CUTOFF- 10.

10.0 -------- +--------+--------+----------------4.------------------ +

-0. +-------- --------------------------.----------------+

-:10.0+ -------- +----------.. * --------- + --- +-_--- ---------------

-20.0 -------------------------------------------------- +--------+-

" -0.0+ --------- +..-------------------------------------------------------+
75, 90. I05, 1204 135, ISO, 1654 ISO*

FIGURE A-50. a0 vs .s; e50 60%. . 60*

(Above: All Data; Below: Averages Over 5 Intervals)

1/

10.0+ ........----------------------------------------.... -------...- -........-

-10.0+ -------- +------------------- .------+-.-- --- --------- +---------+

-30.0+ ----- +------------+--------------- ----------------------------------

7,5 590, 105. 1.20, 135 1.50. 165, 180,

134
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X-BAND CROSS T3/17/78f3
CUTOFF= 10.

10.04 + - ++ -++ ÷- + -4 !
-0 0 +*----- -- . .*------ -- -- -- -- -- -- -- -- -- -- -- -- -- --

*1 * * * * - -* * - - - - - - - - - - - - -

-2 0, 0 --- -- ---- --- * -- - * . .-- *-..... + .... ... + ....... ........-
• * *~* :1 ( ** * *

- 0 0 --------------- ---- .....- +-... . - +----------- -----------

04 Is* 30, 45, 60, 75, 90, 10.5

FIGURE A-51. co ve 4 s; es 60", 01 a 60*

* ,* ***
*v* A D

-20 .0 ý -- - ----- --------- ---- - .- .........- I- --

-30.0 ---------- +--------------------------------------------------+----------+
0. 15. 30. 45, 60. 75. 90. 105

S~135
ai

(Aboe: ll ata Belw: vorgo.Over5 Iterals

S, .
10.+-----------+-----------+---------------------.... ------•+--------..:----"-



1•~~ ~~~~ ~~~~~ . .. .-.. .,, - . .. .- -,.. . - . . - .. .. •.. ... . -.. . . . .•. . ......- . .. .. • . ,,,- 4 - .'--,.-..-. -,.-. ... .. ..- .... .. -. • • •c , • - -

X-PAND CROSS T3/17/78#8

CUTOFF= 10.

--- -- - -- - - -- - - - -- -- - - -- - -- -- - - - ---- - --. . ---). . .J--- - -- ---- •-- --- -- - - --

** * I(•(,

75p. 90. 1054 i.20, 1.35. 150# t654 1800

FIGURE A-52. G° vs e8 s - 60" .= 600

'! ~(Above: All Data; Below: Averages Over 50 Intervals)

-2.+---- 4------- ----- --- - -- - -- -- - ---- --- - -

-- 0. ÷. ... ..- . . . 4... .. . .-- ÷... . . +.... . +------ ------

7. 90. 10F, 1.20. 13, 150. 165. 180.

1'

a ,.

". "TFIUREA-5. a v0* 105, 8.2 - 60 5 5, 6, 10

* *

4.-----.--------+--------+--------+--------+--*,



X-BANrI PARA.L l. T3/17/7814
CUTOFF" 10.

1o~o+
10,- ---------------+----------+-------+------+......------- + ---------

- 0+--o------- --------,-----.• -+---- --+----.--------+------.

**** ' , * ** ,,

0 '15 Ff 1'40. 45 cS 60+ 715 90. 'L OIL)i .

FIGURE A-53. a° vs as ; . 700, e 60*_

(Above: All Data; Below: Averages Over 5* Intervals)

• 1.0 .0 4-----------

..... 0 .. . * - --

'. ~~~0. 1 15. 3k |,).PO / •-0 0

•, 137

• ,, - ;. .-~* * ~ * * **• ' •, •. • .. . ) ' \
*.* * *.* ,* , *.-.. . , . .. , ..

Li - - * . . . .* * = , i * '* •,', . . ... .. " "-,



X-PAND PARALLEL T3/17/7899
CUTOFF= 10,

10D0+ - ---+- ---

IIi

0- ----------.... f -...........-- ---..... ...---- , - -:• -. . ..:---- --- --- --- :-- ---- ---

FIGURE A-54.

h(Above: All Data; Balow: Averages over 5" Intervals)

.•0 . t-. .. .. . . . .. . .. .. I'.......... .... ......... .. --.... . . ..--.... . .- --.. . . . .-

''10 0 i•.. . .. . .. . -. . .... ... 4' ................ ------ ----- -- ------ -- ---------.. .. .+ . . . . . .

* *

-'0 0+-----..-.._+-,.-----+ --------- -----------+----+-------

S.0 0+ ...... ---....-..... -.-.------..-.--..+----......------- .-----+-----+

S1 .5l 90. 1 ., 120, 1 35, t 165 i , *180.

*138
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X-BAND CROSS T3/17/78#4
CUTOFFm 10.

Hl "

*:4* **** ** *

-10 O .... --* . . .. . -+- . .. * -- - -- - - ----*- --- - - -- - -

"•'!i --20 . --------- --------- --------- --------- 4'•' 4 + •

,. 15. 30, 45s 60, 75. 90, 105, 1

FIGURE A-55. o° *; ev - 70, 0% 60'

(Above: All Data; Below: Averages Over 5' Intervals) A

1.0.0 --------- +--------------+-----------------------------+------------+

""0 0+ ........ ---------+--------- +---------+

K20 0 * --- +---------*----------+----f----------------------------+

-20.0+-------4-----------+---------+---------------------------------------

0. 5 -3,0+- 30. 45, 60. 75. 90. 10,.;.

139
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X-BAND CROSS T3/17/78#9
9i CUTOFF= 10.

1060+-------------+------------+------------I----+------------+-----------

-0 4 -- - - -- - -- -- - - - - -- - - - - - - -- - - - - -*- -
-10 .0 - -- -- -- - --- -- -- - -- -- -- -- --- ..... ..--

-- 20 ,0+-...... + -".------+ -+-- --- +-----
-:1. --- - ---- --- -- ---- - --- ------- . . .4.•4 -- - -- - --*+. . . €• +--- -- -----

'.90 105 1.2.0. 135. 150. 165, 180.

FIGURE A-56. o vs . ; es w 70'. 6, a 60•

(Above: All Data; Below: Averages Over 5" Intervals)

-0 0+ --- -------- -~.------------------------+------------+------------+

-------------- +-.....------+------------+ .. +

-. +.------------.--.--- -.----------- ---------

-0 0++-----------+------ ------ +------------+------ --- +------------+

75, 90o. 1.05. ] 20. 135i 150 • 1615. tI•0,

140!II
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X-br~iNl' PA R ilLLI-*L T3/1.7/78#3
CU.TOFF- 10.

S- --- ------------ +------------+-.--------.------------+------..--.------------+

-30.0 - -- -------------------------- *+*++d-

Idt

V-3 .0 + .........-- + ....... ----... ... +-.... ....-- .. .... ..--.... ....-- .........

1. 1 ,. 30. 4t. 60. ,90 1

FIGURE A-57. a° va ; es a 800 0 " 60*

ýAbove: All Data; Below% Averages Over 5 Intervals)

Ji It =1

i i



X-BAND PARALLF.L T3/17/78#10
CUTOFF= 10t

1000+---------------------+--------- ---+------------+-----------------+------------+

-0 .0 .........- +-........-+-..... ...---........- -....... ---- --- I- -

-K+....... ..-+-.......-+-....... +- ---- --- -- +-;+

-o,--------------..........----.--------------------+.---------- -+-----------

V1• 90. .1. 0 ',; 1 120. 135#o 1504° 165 ° 1130.

FIGURE A-58. a vs *f; 0 * 80', 0a 600
(Above: All Data; Beloi,: Averages Ovtr 5* Intervals)

"1 0 , 04-... . ... .-. ...... .. -.. .......- .. . . .. +.......... 4 -- ---...... -----

S142
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X-RANrI CROSS TA31.7/78#3
CUTOFFP:* 10.

"10,0 - +------------------------------------.----------------------------

-10 .0,- -- ---- • ------.--•-.-• - --• --------- --------- --------- --------- +

* I
-0.-------*+--------+---------*-------- - ---- *--------------------+--------------+

04 .1 *30 45, 60, 7*, 90, 1O *T

FIGURE A-59. a° 0S vs a; es 0 800, 0i, 60"
(bove: All Data; *elow: Average* Over 5" Intervals)

-0 ,. ..-. . + ...... ..... ..-----.-

-2o0 . + +....... + .. ... . ÷ . . .... + .......... - -+ ... . .. . . -.. .. ... + ........ .. +

10 ..3. 3 0 4'5, AO, 75 , 90. 0 .5. ,

,ii'i :• ):''1.43 '
A.- 7, "

. -, *....' '• ,* .



X-BEANtI CROSS T3/17/78#10 C1
CUITOFF"= 10.o*

-0.0 +...------------.--------------------------- -- --+---------+--------+
-00 -- - - - - - -- - - - - - - -- - - - - - * ----------

-10.0 ------------------------------------+- - *- -

30 --------------------------+-

7n. 904. 105. 120, 135° 1 150 160# 1804

FIGURE A-60. 0a vs es 80", -60*

(Above: All Data; Below: hverasge Over 5' Intervals)

S- ------------- +---.~-------

+*

1:i:! --•(,.0, ................ ---.......... .-... ... .... . .*.-.-+... -.-... ...+- ---.... .. . --.. .. .. +

5 TO I

144



X'-FAND PARAL..".I.. 'T3/17/78#2
CUTOFF= 10.

10o0 -- -- +---- -

-- - -- - -- - -- - -- - -- -- --- -- --- --
*,. *, *

- *o+.. . . ** . . • ** *

* O ** * I+I.. .. ..

*tO ** .... "* - *,l ** + . . . .+. . .. .+. . . .

***** *

------ --- -------- +----------+----------+----------+

- 0. I5, 30. 41. 60. 75° 90, 105.

, 1.1

FIGUREA-61. a 0 a, 0,

(Above: All Data; Below: Averages Over Intervals) I

-0,0+------- -------- '-.-----'----------+---------+--------------------

-20.0+- ------ -----.----------------- +------------+------+------

K' -30,0 ------------+------------+------------'f ----------+----i +-------------

0. 15t; 30. 45, 60. 75. 90, 1015,

ii' t145



X-PANr PARALLEL T3/17/78#11
CUTOFFm 10.

100+ ---------------------------------------------------------------

-0,0+. + -----.-........ +----.---- - --

75. 90# 105, 120, 1315. 1!50# 165, 180,

FIGURE A-62. a° vs as s - 84'. 0, a 60*

P1 I

p(Above: All Data; Below: Averages Over 5* .Intervals)

10,04. -------------. --------------4--------------+--------------------------+-----+-------

0 ------------.-- -.---------------------- 4------------+--------------

200..+- -4 -.- +- -------- +*--------------------------------

-. ....- +---.--.. ....----.----- +' T73 904 .109, 120. 1. 3:• 15 ,150, 16S#. 1800
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X-BAND CROSS T3/17/78#2
CUTOFF= 10,

10.0+---------------- ----------------------------------------------

-0.0 +---------------------------+------------------.----------

±o40;!~;7~j:* ~~~~IK+---------------------------------------

-30 +-------- --.--------------- 4 ------- +----------+----------+----------+
O, 15* 4 30, 45, 60* 75, 904 105*

U I
! FIGURE A-63. ooa vs; 0 0 84, 0 60"

(Above: All Data; Below: Averages Over 5$ Intervals)

±0 0 .. . . +L.. . .+... . .. ... . . . !+

------------------------------ ~-------------------+----------

-0,0+ --------------------+ ------- -.-.------.---- -----+------- --

2 -- -------------------------------------------------------+--.-----.-

0. 1ý: 4,, • 60. O7 . 90o. 10':;.
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X-BAND CROSS T3/17/78#11

CLITOWF= 10.

O + ------------------------+---------+ . -------------------.+
75# 90, 105. :1.20. 13,54 1150° 165, 1804

FIGURE A-64. a ve 5 ; O4 " 84, 0i a 60*

(Above: All D•ta; Below: Averages Over 5* Intervals)

.10-, - ----------------------------- ---------------------------

-0- ... . .-- - --------------+--- .-----

-10,0 ........ ------ ---------- ----- ----- --- --- ----- ----- --- -- -----
-,+-------------------.----*--+-------------------------

-300 +----------+-------- 7 ----.---------- +----------+----------+

75. Yo0* 105, 120. 135# 150. 165. 180.
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X-BAND PARALLEL T3/tS/78#8 *-
CLUTOFF= 10.

-0,.0 + ----- --- -------....---+----

-20*0.. Ft -- - - - - - - - - - - - - - - - --- - -- - - - - - - - - - - -

-30.0 +-------------------- ----------------------------------------------

() 5,• 30. 45• 60. 754 90, 10151

FIGUREA-65. a va ; 0 a 60, e 70

(Above: All Data; Below: Averages Over 5S Intervals)

JO, --------------- +------------+------------+------------+------------+

-10.0+----------.-----------*-*---*---I---.-.--,---.--+.---.---------.---***-*-------*----

;I00~~* * I-------+--------------------*-------- --------------------- +

- 0 .0 --+ . . . . . . . . + . . . . .+ - - - - - - - --- - - -- .- - -- -- -

0. 15. 150. 45. 60 75. ;0, 105.

149
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X-BAND PARALLF.L. T3/iB/78#5

CUTOFF'- 10.

10.0+--------------------------+-------------------------------------.

_O' - -- -- --- -- -- -- --- -- -- -- -- -- -- -- --- -- -- --

---------- ---- -- -- --- -- -- --- -- -- --- -- -- --- -- -

-30.0 ---------- +----------------------------+---------+---------+----------

"I2, 90. 1.05. 120. 135.0 150. ISO.18,

FIUEA-66. a *v ; es 60% e0w700

(Above: All Data; Below: Averages Over 5' Intervals)

.10.0+--------+--------------+---------+---------+---------+---------+---------+

V0 6-- --------- --- ---

-.--------- +--------+--------- ----- +- -- 4---*-------+--- ----- +--------------+

-10.0+---------------------------- + ------- -- *---------------*---

-20,0---------------------------------------------

75. ell0 103 0 120. 1. 301 150 1 165. 1S0.

150
la.

- j~..*~' ** I..



X-PtANLI CROSS T3/18/78#8
CUTOFF= 10,

10.0+ --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

-------------+---------+---------+---------+---------+----------+

-20.0 -------------- ------------------- +---------+----------

-30. +- - --- - - - - - - - -- - - - - - - ------- -----

06 .1.5 30, 45. 60. 75, 90. 105.

FIGURE A-67. avs *;es - 60,. 0£-a 70*

(Above: All Data; Belotv: Averages Over 5* Intervels)

--------------+---------+--------------------

K-0.0+----------------- f -+...,-- --.---------------------------

L------------+-----------------+ -.-- ----------- +---- +

-20.0+ +--------------------------+-- +------------+----------*---- --------- +

-30.0+------------+ ------------ ----- -----60,------------

0. 15. 1 tp 0 3 0 05

151
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X-PAND CRn1SS T3/18/7805""•

CUTOFFm 10.

-I.0 . 0 - - - -- - - - -- - - -- - - - - -- - - - - --- --- -- -- - --- ---- 0+ + |+-* ...

-10.0+ -------------------------------- - -.---------

-300- ----------- +--- ------------------------ -
'75. 90, 109. 120, 1.35, 150, 1654 180,

FIGURE A-68. vs es " 60, 8 - 70*

(Above: All Data; Below: Averigeu Over 5' Intervals)

1.0,0+----------+------------------+------------+-------------------------+------------ 4

-10 0t.*0+--.-- 4------ ----------- +---------+----------+- ---------- +------------4

-20,0 ------------------- +------------+------------+- -- +------ ------ +------------+

-30.0+------------------- -+--------------- I.: --------------

4 152

... i

*. '1



X-PRAND PARALLEL T3/18/78#9

CUTOFF= 10.

10 0 .+ ........ 4 ...... .- --

S-0,0+--* - ---------------------------- +---------.---------+----------

-20.04 . . .. +-- ........ ----------- ---------------------

-20. ----------------------------------------+---------+---------+

-30.0- .......-------------------------------------------------------------------+
0.' 15. 30. 45. 60. 75, 90, 10I5.

FIGURE A-69. a vs 0e 70%, a 70*

(Above4 All Data; Below: Averages Over 5 Intervals)

*1 ~1040+---------+---------+---------+---------+---------+---------+----------

-0.0+---------"--------------------------------------------------------

•i -1o. ,+ ........ +---.. .....-- •--* -..... -.. -- +-.--.. . - - -.

- -- +-- -- -- -- ---------------- - --- -- -- -- -- ----

0 115 30. 45+ 604 .. 90+. . . .5

iII

, j 153
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X-BAND PARALLEL T3/18/78#4i CUTOFF- 1o.

10,0+--------+--------------------------+-----------+----------+----------

-0,0+ --- -- - -- - -- - -- -- - -- - -- - - . . - --- -- --- -- --
* *

-10.0+----------+------------+ --------------+------------ * -----------. * 4.

* I

---- ---- ------ --- ---- --- ----------- + ----------

73. 90 1.05, 120, 1. 1tro0 165. 180,

FIGURE A-70. a v3 * ; 8 70%. e, - 700

L (Above: All Data; Below: Averagesa Over 5* Intervals)

+! +O O+ -

i .I
10- • ---.- +-------------- ------.------------ +------------------------+-----------

-2-40--------------------------I*------ -------------------------- +

"o .00---------------- + --------------- 4-----------+----------4-----------

H i•-- - ------ +------------

"755 90, 10F, 120. 135. 1. l* 3 1801

154I

ý-ý777,777,7 7777777 Lip,_ ZU

• €,



,i ... .... w.p w " q•,9 q' " •,

X-BANED CROSS T:3/t./7Zfl9
CIJTOFF' 10.

1 -O.O+--+----------+---------+-------------------+-------------------+

-flfl - ----------- +------------+------------+------------+------------+-----------

10 0 - - * *-- - - -- - - - - -- -* - -- - - - - --- -- -- - - - -

iJ-:50,.0+ -I
O.30•• .•O 451'; 60, 73, 90, ,1.05,

FIGURE A-71. a vs *; 0e 70Q, 0 . 70"

(Above: All Data; Below: Aver.ges Over 5' Intervaiu) I

J00------------+------+ - ' - ------

U~-30,(.f+--- ---------~+- -+

1.55

!-7

0. I . Ae 45. "). ,.,',0,, •

' .• ' 7" .'- -': ; '.,. '• ...... "• T ..: '. -• .• •.•"• • ,• : :' .: •. -•,• ;;' • ,"? , .: ". :o• : ••. ' ' ,, • .. .,- , , • • ", • ., , " ., ' • " " • •I•



iii X-BAND, CROSS T3/10/78#4. •_
CUTOFF=, 10. ,

]10.0+ ----- T----T---- -T --------

- --,o+ ---------- -- -------------*-*---- + + +

FIGURE A-72. ° va 3 a 70,e 0 *

(Above+, All Data'; 6.;lmlo, Average& Over 5" Intervals)

r -i.O4-------+------+------4.-----h-- -------------+------

S-*-*-*-*~4.~.----+--.--,--+---------------+-----------

156
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=.

X--BAND F'ARALI..F. L T3/18/78#10

CUTOFF- 10.

-0.0+ ------ ----- -- - -- ----- ------+--------------......---4---+-

20.0 --------- --- 4-+..----------------..---+--- ------.------

O. I.5. 30, 45. 6o. 75. 904 1054

-- - --- - --- +-- - - - ------------ +-- ---------- +------------+

.FIGURE A-73. - - vu - - ; - -- - 0', - - -- 70

(Above: All Data; Below; Averages Over 5" Intervals)

-24 -------- 4------------+------------+----------------------+--- ---------+

4

30. ------------------------------- ------------------------- ----------

0, 0 11'5. 30t 45. 60.• 759. 904 10 IS

• 157
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X-'AND PARALLEL T3/18/78*3 .
CUTOFFm 0.

-0.0+ -------- +-----+-.-.• -- +-.....---- + ........--

-10.0+ -------- +-----------+ ........ +...-------+ * +

-20.,0 ----------------------------------- +------------+------------+------------+------

- 0 0+ ......... ----- --- -- ----- -- ....... + -..........+ t- '- +-- -

754 90. 105. 120. 135. 150. 165. I1O.

FIGURE A-74. a v 9; e5 -80': - 70

(Above: All Data; Alýow' Averages Over 5* Intervals)

-0.+ - --- --- --+-----+------------+---- -----------------

0.0+------------0--.-----------+ - --- +------------+------------+---------+

K -20,0+---*-+------ ---------------- +------------+------------ +------------+------------+

. .1

-30,0+-----+---- +----I----+----+----+-----+-------- -----------

-40. --------- --- +----------------------------------
7 :.5 9)(f. .1 0 !70'. 1 2 0 .• 1 3 0 .# I ,.0 I I Is ," 6 1 8 0 6

158
215
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X-F4AND CROSS T3/18/78#10

CUTOFF= 10.

10.0 - --------------------------- +---------

-. --------...- + . .-- -- - ----- *--+-** ..... - -----

-20. +--------- 4 ---- - ...-- .. . .--- ----------------------------------------+

0 - 4------- ------- +--,------------ +---------+---------+------------- 4 -----

5 iS, 30 45, 60. 75. 90, 105,

FIGURE A-75. a ve ; e 800, 0 700

(Above: All Data; Below: Average. Over 5* Intervals)II
0,+ +---,-+-----------+----------- --- +--------------+-------------- +

**~-------------------------

ii t ! • o+ ......... + . .. .. +....- .... I-. .. ... .. . . . . . .- . . . . .+

S-F---------+---- ----- ~-*---~- 4--------------+--------------41

S- + ........ ..-- --------- + -.... . --..- . .. -- ------ ---- ----------- -+--------------- +
i 30. 45 . 60. 75, 90. 105.

~ I 59

r2: 159

L •" , • _ •J .... ....



- . , ...

X-BAND CROSS T3/18/7843
CUTOFF= 1"0....

1 6 +--------+---------- - - -- - - -- -- -- -- -- -- -- -- -- -- --
Ko * *"÷i

-0 .0 -------------- -------------- ------------- ..... ..---....---- +

-10,4+--------+--------+------------- -------+-------------- --- **+

-20.0+------+------------+---------+---------+---------4---------+--------------+

-00---------+-----------------------------4-------------+------* - ----.- --+--*------

I ~)10 ------------------------------ 4----------------------------------------+

-30.0 +----------------+------------------------------------------ +

75, 90. 10,, t20, 135, 0. 10 165#

I
1W

160-o
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X-BAND PARALLEL T3/18/78#11
CUTUFF- 0. •'

-04.+ -+ - - .......- +------ -
* *

-10.0+ ---------- ----- +------------+------------- -- ------------------

* ~-20.0+------+---------*----------+----------+----------+----------+----------+

-400+ --------------------- +------------------+------------------+---------
0, 15. 30. 45, 60, 75s 90, 1015,

FIGURE A-17. a° va ; es - 840, e 70

(Above: All DAta; Belowt Averages Over 5 T,'tervals)

-0,0+ ... -+-------------+-.-- --- ---------------- +------------+---------------- --------+

-10.0+ ------------+------ --*---+------------+-----------+------ ------ +------------+

-20 04.. -------- -- .--------- +------1------------------

-3. 0+ -------------------------+------------+------------+..----------+-... - +-........ +

[: °'

,J
0. 15. 30, 45. 606 7~5. 90. 105,1I

161
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-- - - y -+. . . . . . . .

X-BANE' PARALLEL T3/18/78#2
CUTOFF- 10t

10,0+---------+---------+---------+---------+---------+---------+----------1

-0.0+ --------- +---------+---------+--------- ------------ -----

2-0.04 -------- --------------------- +------ - --------- -

-300 -- --------- 4 :-*---*-*-:
7,5 90° 1. 105 1 120o 133, 1504 1654 1806

FIGURE A-78. a° vu *s; 02 a 84', 01" - 70'

(Above: All Data; Below: Averages Over 5° Intervals)

.'1.00,----.....+-------. -.. .~. ----I.....+-------..+-........+-........+ ¶

V-20.O+-........+-........+-----.....-* .. ...*- . .. ..- -... +. +-.. ..... +

9r 5' •0. i0~5. 120. 13'S. 150. 165. 180,

, ,.

0 ---- ------ ----4 ------ --- --------- --------- --------.. ...-
'75" • •'-ll"" •)+'J ' + .,•J :•.A+ " 'Y,, :o .120 # 1,,1 15 0 16 , r.' i :+ +'* '' •:+:L 'J+:•;'.



X-BAND CROSS T3/18/78#11
CUTOFFm 0'.

.- 0o0++ + - - + + - -

-- --- ----- ----- ------ --- - - - -- - - - -- - - - -- - - - -

-10*0+---------0---------------------- --------------------------------

-30.O+ -........ -- - - - ---- ---- ------- --- ---- ---- --- ---- ---

-40 40 -- - -- - - -- - - -- --- ----- --- - ---- ----- ---- ---- ---+

vO0 15o 30, 40. 60, 75#. 900 105.

FIGURE A-79. ao v * 42; em 84", * 100

(Above: All Data; Below: Averages Over 5" Intervals)

-0. O0+........--- ........-- ........- +-.. .....- +-..... ..---........- +-........-

, *

*0, ------ --- ------ +-------------------+----------+---------+----------

-30.o +.. . . .+.. . ... -- - - -- -- -- - --------------------------

- 4 0 ,0 + .- - --- --- ----- --- ---- ------- ------

0. 15. 30. 45. 60. 75. 90. 105,

FIUR -7. .*, 0 ',, 1 - 0

SI t

S1.63

' ', V.. ..:_

S�+•,- - --- --

• ' v, ... . . :•,I:,kk" "" "•" "*

* • :



X-BAND CROSS T3/18/78#2
CUTOFF- 10,

10.0 +---------------------------------------------+------------------

-0.0+ ---------+---------+---------+---------.--- -- -- +---------+1 --------- +

-10,0 +-------------- +--------------- -- --------

-20-0+---------------------------------------------+--- +---------+

-~00+-------+-------+---------------- ------- +---------+---------+-
75. 90, 1056 1.204 . • 150,4 165, ISO#

FIGURE A-80. a vs f ; e. s 84%, 8 - 70"
0

(Above: All Data; Below: Averages Over S' Intervals)

S+--~-------+---------+-------------------+---------+

-0.0-.---........+. .---.-- - ----------- ------ +--

164

-10.0+-......-.. --.. ........ - --.... ...-- *- - - +- - - + -. . .• -

t*

75. 90, 105. 120. 1A55. I150. 165. 180,+

S.I

3164



X-BAND PARALLEL T3/1B/78f16
CUTOFF= 0.

-0,0 ------- -----+ . . . .--- - - - -- - - - -- - - - - -- - - - -- - - - -

-10,0+-• -- +- ..-.-.-. +-------*+..--.---+ --

-30. 0+ --------- +---------+---------+---------+---------+-------------------

~~40.0---- ---------- + --------------+----+ ---- + ---- +---------

0. 15. 30. 45. 60o 75. 90. 10.15,

FIGURE A-81. a vs es; e - 60", o 80'

(Above: All Data; Below: Averages Over 5" Intervals)

-0,0 +-------------------------------------------------------------------+

-1.0-------------+---- ---+- ----------- ------- +--------

- -----.. .... -.... ........-- .....-- - -. -.. .... - -+ ..-..-.. + -.,.....-- - - - 4 +

-- 40.0+'----------------- ----- -------+-----+--------

0. I ," ,'0 4,1. 60* 7, •0. 1756 90

165

iiii , "

I



L¸•' " . : .... '...:: ......... :LL__' ... .:_::.:....... -L..: ................. ' .. .............:..•

X-BAND PARALLEL T3/18/78#18
CUTOFF" Os

-0 +--.-----.----+-----------*----+---- -+-*---*- +..--*---+ ---

-10,0 --------------------------------+.... ------+ . . -- ...... .... + ........--

-3040+ ------------ +------------+------------+----*--+ - *-+------------------
-20.0+ -.... ....

S+--------+-------------------+------------+------------+------------+
7 13 90, 105# 120, 135, 1504 165 ISO,

FIGURE A-82. o vs ; es " 60°, 0i = 80@

(Abovez All Data; Below: Averages Over 5S Intervals)

-IOo.f -- ----- - ----------

-0.0+----------------------------------------------- +

-20,0+------+- -+-------------+--------------+--------------+--------------+--------------+

-30, 0+ -- - ------------ +-------------+------------.-----------..

-40.0 +-----------------------+--------+------+----------- f ----- +----------. I
75, 90. 105. 120. 1354 150. 165, 180,

/I
WN

166

72i



X-BAND CROSS T3/18/78#16
CUTOFF- 0.

-0,0+------------------------------------------------------+---------

) * **-lO.O ......- - ,- , .... ..---- . .. , . .,---,--- --- --- --- --- --- ---

-20,0+-------*-*-*- ------- +----------*---+------------------------+------------
0 a

0, .0+--+ . --4-5----0+ 90-. 10-5.

I
FIGURE A-83. O° v s*; e0 60', 6 - 80

(Above: 5 AlDaa Below: Averages Over 5" Intervals)

-+0-, O..---F----------------------------------------------+

,no 15# 30 0 454 60. 775. 90. 105o1

!i, 167

* I
. . P -•- --.. . . .. - " 1--':.. -- '--- ------- _ - --.. + .... -........ .. . ...-----

•L••.•'';'•-'• ...- 20:•.0+••' "'"'-'"'-------+-------+------r'--+L.••',;:--------+--••' ''7------+• •--------+--.----.-- + I



X-BAND CROSS T3/18/78#18
CUTOFF- 0.

-. 0+ ---------------------------------t

* *

K ** *** *

-10 O+----------+----------+--------------**--* -----

-20, ----------------------------------------

-30.0+ +-------------------------------+------------+------------+----------+

75l 904 105# 120. 135. 150, 16*. 180.

FIGURE A-84. c vs * ; e - 60% " 80S

(Above, All Data; Below: Averages Over 5 Intervals)

- 0 ,0 -- - -- - - -- - - -.. . . .+ . . . . . .. . . . . . . . . . . . . .! . . . .+ -- -- -- - -- -- -- - -- -- - -- - - - - - - - -

-20 ,0 + -- -- -- -- -- -- -- -- -- ------ -- --- --- -- ----- --- -- -----

-30.0 +.------------- ------------.--------------- --------------- ---------+

!I

S-40.0- ---- +--------------- ------- f --.------------- +-------------- I -------- -
75. 90. ..05. 120. 135. 1504 165. 180.

168
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X-PAND PARAL L1---I. T3/18/78*15
M(. T 0 F F. 0.

10.0-- -..... ..... ..------------- I -------------------------------------- I +------------

------ -----( . . . . . .. W - ----.. ...-- ---- ( -- - - -- - - - -- - - -- - - - ....

--- +--------- * --------------- +

-20 .0 ---.. . . .- .. .. .-. .. .. .-. -. . . .- ------- ----- -- .. .. .. f .. .. .. -. .. .. .- 4 ---- ------

-30.0+ ---- ---• -- -------

0. 115. 30. 45, 60, 75. 90, 105,

FIGURE A-85. o° vs #a; 6s a 70, ,i a8 so,

(Above: All Data; Below: Averages Over 5" Intervals)

!I I
10.0+-------------------------+-------------------------+------------+------------+

+ ---- ------ +------------- - --- -----

-10.0 ------------+-----------.+------------+------------+------------.--*- .------------+ I
-20.0+------.....+----------------------+-----------+------------+------------+-----------+

t ~~-30.0+---------------+---------+----------+------------+------------+------------+
0. 15. 30. 45, 60, 75. 90. 105.

4 169
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44

X-DANr1 PARALLEL T3/18/78#19 I
CUTOFF= 10.

10.0+---------+---------+-----------------------------+---------+---------- H
-0 0 ---- - - - - - - - - - - ----------.. .. .+ . .. .. .. . .. -+.....---- ,-- - • •-

-1.0+"O.---- + ----- ---- ---------------------..-.--+

+---.---------------------------------- ------------------ +------------

-30 ,0 --- -- -..... ...---.. ........--... .... ...--.. . .. + . . . .+ .. . .. , ...........
y 5 90. tI,. 1.20. 1.35. t50o. 1.65, 180,

FTGURE A-86. a vs es; .- 70". - 80'

(Above: All Data; Below: Averages Over 5" Intervals)

,0---------+-----------------+---------+---------1-----------------

*-0O+.,.--"-.-+.-,-----------.----------+--------- ------ +----------

-to,:-------------------------------------+ ----------

2 0 0+ ------------------ ---------- ~. ----- - - - -- - - - - ---- - - -- - - -

['

-300+------+-------------------------+---------+--------------------

4170

!7J



X-PAND CROtSS T3/18/78:15
C'L'rJ0F F: 10,

10,0+--. --------------- ----------------------------------------------

-0----- -- * --- - - ------ --- --

- 2 0.0 , -+ . . . . . + . . . . . . . .+-. . . . ...

-20.0 -------- +-------------+....------------------------------.------..-------------.....H
0. 1i. 30, 45, 60, 75, 90. 107.

FIGURE A-87. a vs es - 70% 6, a 80-

(Above: All Data; Below: Average& Over 5* Intervals)

1 1

- -- -......-----------. I --- --------------.------..----+---.....-........ -.

------------- *----4---- ---. *-- ,.--+ - -.--- 4

-?(.. +--------------4.......-4+. . .. . .... . . ".. ....------ +-........... ------+ ... .. .

o. 1.:51. 30. 4!,- 60. 75. 90, 1. 05

171
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X-RAND C ROSS T3/1.8/78#19
CUTOFF-= 10.

10.0+ --------- +---------+--------- 1---------+---------+---------+----------I

-0,0+-- ----- +---------------------f---------+-------------------

-1.0.,+---------+----------+ ----------- ----- **-** -------- ----

2.0+-------+------------+------------+------------+------------+------------------

M 0+-------------------------+----+----+----+-----+-------

0,.90 1.SO 165, ±80

FIGURE A-88. a vs es; e70.0, so*8
(Aboe All Data; Below: Averages over 5' Intervals)

10. .+..-...------------------.---+ --- +----- +

-10.,0+ - -- +-+----- + - - +- --

-10.0 +-----------.------.-------...-.-- --------- ---------------------

-40.0+-----------------+-------------------+---------+---------+----+-----+

75. 900 135 t,0I. 165. 180,

JIUK :120. .1° *;J"

172
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X-BANt' PARI L..EL T3/18/78414
CUTOFF- 10.

10.0+ --- ------ --- ---- ----- -- - ---------------------- -+

-20 ,0+----------- ------ -- ---- -- -+ . . . - -- -- - --- -- - -- - -- - -- - -- -

*** 30 45 60 **9, 15

*..*

20.0+-- -- ----------- -- j-----------+----------

+3 ------. ; - +•..

-----------------+---------------------+------------+----------------

0. 1.5. 304 45. 60, 75. 90. 105.4i

FIGURE A-89. 0° vs a; e - 80", ~i-180
(Above: All Dat~a; Below: Averaces Over 5° Intervals) I•

-,, 4. ... . .... . . .. . .+. . .~ ... .+... . ...÷ ....- ... -+--. "... .... +

S.,',



X-BAND PARALL..EL T3/1.R/78420
CUTOFF- 10.

-+ -0 - - - - -- ----.. +-----------+- --- ---

- 120 .0 - --------- ----. . .-- ... ... . . . .. "---

- ..-...... . ...--.-- +---------+--------- --.. - +------------

7,,1 90. I. 0'. 12() 1315. 1. ,=O . :1.65o 180.

FIGURE A-90. a vs e; s 800, eL 80'

(Above: All Data; Below: Averages Over 5" Intervals)

.0.+-- ----------------- +---------- ---------- +------

-00 -- -4-- -- -- .~-- - -----* - -- ----

- . .-+-- -------------

1'Y 1120. 135. 1SO, 165. 10
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X-PANDI CROSS T3/18/78#14
CUTOFF= 10.

t. +-------- ----- +-------------+--------------+-----------------------------I

-O.O + + --------------------

-- 20 .,0+ ---- --- ---- --- ---- --- ---- --- - --- --- ---- ------- --- ---

-30 +---------+-------------------.---------+----------

0. iS. 30. 465. 0. 7,5. 90. 105.

FIGURE A-91. a vs es; 6 - 80, Oi -800

(Above: All Data; Below: Averages Over 5" Intervals)

10,0+-----------+---------+---------+---------+---------+----+--------------+

K.tO,0+ *+ +.. .. . .+. . . .

:- -- --. O ........ --- --------------- ---- - +.. -

!-?0 ,0+ ........-- -.... ......-- -....... .- f .........-- ........-- -..... ...- ÷ ........--

,.

-300 ------------+ ---------------------------------- + .

0. is. 30. 43, 60. 75. 90. tO5.

"4 175
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X-BAND CRnSS T3/18/78#20
CUTOFFP 10.

10.0+ ---- +----.. + +. +-.+-.+.- +

-----4.. .... +.------------+ --------- * -

75s. 904 1 )', 0I 15:1.0, 1. 3,5, 1 •.170 160.50 180,- -i

FIGURE A-92. a vs * ; 8a - 80, e 8i *8"0 i

m ---------.----- -- ----- +- --- ------------------

-0,0+ --------- --------------+----- --.-.. . . ...... ---- -- *- - - -+-- - -+

-V . + . . . .. . . .. .+. .. . .. * . . . . .•. . . . .+ . . . . .+ . . . .

-10.0+--------------------------- ----- +----+- - + - -

I, V 0 + .. .. .. ---... ... -.. . ..- . .----------+ . . .- . .

10'; o. 1. i0 . 5. 1 0',46i. ." .,,

176
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X-BAND• PARA!,L .EL T3/1./8/$i3 I.
CLUTOFF- 10.

10.O•---------+-------------------------------------------------------+

-,O .........-*---.. .* .-*- -- ----- +--..--.---------- -- +

0 , 1 ti' o 300 45. 60., 754, 90 , 10.5,

i*

FIGURE A-93. a° v a 84% * 801
(Above: All Data; Below: Averages Over 5" Intervals)

10.0+ -........ + .... +---------- ---.. --------..------- +------------ +

-0o, 0 + + - -+HI ~ ~~~~-20.0 ---------------- + ~ - - +~+---+-----

,i* .

io ------------------------- --------- --------------------------17 7
0. 15l 30# 45. 60. 75, 90. 105.

1771



X-RAND PARALLEL Ti/19/78#21
CUTOFF- 10.

10.0 --- -- -- -- -- --- -- -- -- -- --- -- -- -- -- --- -- -- -- --

-000 -- -- -.. . . . .|+. ..-+ -- -- -- -- -- -- -- -- +---......---.....---

-10,0+ -- - -- - -- - -- - -- - -- - - -- - -- - -- - -- - -- - -- - -

I

-20,0++. . . .-- - - - - - - - - -- - -- - - - - - - - - - - - -- ........------

I

- 3 0 ,,0 " - - - - - - - - - - - - - --- --------- --------- --------- --------

75 o 906 105 120* 135 150, 165o 180*

FIGURE A-94. a v s; e = 84", ei =80"

(Above: All Data; Below: Averages Over 5" Intervals)

-00---------+---------+------------------------------ -----:---------

100+-------i0o-----------------------------------------------------------

-20,0 ---------- +--------------------------------- +--------------
- I -10.03+,-----+-----------------+---------+---------+---------+----------- -

0 -7 - 90, 1.05. 120, 135o 1--- 165s 180- -'.-
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X-F AND CROSS T3/18/78t 13 C...FFm 10.

10.0+------------------------+---------+-- +------------4------------+-----------+

*U O F I 0 I :10 ,0 .I - - - - - - - -

------ ---------- --------+---------+

**v*

I I

0, 1., . 30. 45 , 60, 75, 90. 105,.

FIGURE A-95. oa v *; 0 -84 , 0 - 80"
"0

(Above: All Data; Below: Averages Over 5' Intervals)

;K •'

120.0+---------- -------------- 4-------+---------------- 4'-------------+--------------+

-- 0 O+ -W -- • -+... . --- .... .. ... ,.. ..... . .... ... +-... ... -+.. ... .-

S-30+------ 
+--------------.---------+ 

. .--------------- ------------------------
+

0 . 15) 30. 45,. 60. S7'. 90. to,.-).
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X-.FANTi CROSS T3/18/78#21
CUTOFF- 10.

10.0 --------- +--------.----------------+-----------------.---------

-0.0+ -- - - - - - - - - - - - - - --- -- -- - - - - -- - - - - -- -
* *

-1.0.04 ---------+--------- ---------------+ ...... *-- -+ . - *+

cm ------------------------ +-----------------------------uf

79. 90. 105* 120, 1.35. ISO, 165* IM 0.•

FIGURE A-96. ° vs ; 6 - 84, e- 80"

(Above: All Data; Below: Averages Over ' Intervals)

1 0 +--------+--------+--------+--------4------------------+-----

-1. -------- +---------- -----------...... +..+- -+..+- -..

0. 04 ----------------------- +------ *--*------------+------------.---- -+

75 .90. . 0' 1.' L 20 . 1. 35 . 150.• 1 5 . too,0
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n.. . q. . .• :.. .. -:......Y..- . * *** -. w r ,u . . .w : . ....r .q... -i ... .. ...... .. .... -;... .. . . .. .. . . ... - -.. . - . . .. . .-

L-RAND FPARAL I.. EL T2/19/78.4

CLITC)FFm -0.

-0 0+ -------- ------- ------- ------- ----- -- ------- ------- -------

-10.0+---------------------+-----+------------+------------~1------------+------------+

-20 • + .. .. * ---------------.. .....--..... ... ---...... ---... ..... --..... ....-

-30• +. .......--- --- .Y- .. * * - •+-- .. . --- --- --.........--........-

O, 15*4 304 45, 60* 75. 90* 105*

FIGURE A-97. a*0 vs ** a a 60* 60

(Above: All Data; Below: Averages Over 5* Intervals)

-0.O+ *---.--- --- +- -+-------- +

-40. 0+------------+...----* --.-- *+---*-------- ------ +---+------------

0. 15. 30. .5. 60. 75. 90. i0,..
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L-BAND PARALLEL T2/19/78t12
CUTOFF- 04

-0.0+ --------------------------------------------- +------------------

- 10. O+* &-* ------- '--- -- - -- - -- -- - -- - -- -- - -- - -- --- -- -

- ----------- --------- +---------+--- ------ +---------:------+-- --

*. 1 *.3 30** 4to 60** 75 * 90° 105,

FIGURE A-99. a vs 0a es 60", 81 60"

(Above: All Data; Below: Averages Over 5" Intervals)

-300+* ---- ** *)K--- -- *-- *---------- ++ -

-40.+--------+-------+-*--+----------------

0. 15. ~~30. 4. 6.7.9. 15
018
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L - P4NrP FAAF. AII. FL. T2/19/785
CUTOFF- 0.

------------------------------------------------------ +---------

*-20.0 ---------+-------- -------- * I-******: * ** -*** ***

-30. .. ....0 + -. ......+. .. ..- . . . . +. . . .... . . .. + -.... .+

- 0 + ------- -- -------- - -- --- ---- ---- - -- -- --- -- -- -- -- -- - -- ---- --

79. 90, 1054 120. 135. 150. 165. 180.

FIGURE A-100. a vs * 6; 6 - 60%, m 60"
0 3 8

(Above: All Data; Below: Average. Over 59 Intervals)

-0, O+_'_. +- .... . --------------- ---- '--------------- -

-1 0. 0+---------+---------+---------+---------+--------------------+---------

-20.0----------*----* *------*----*-----------*-----

• -40.04o --.-..... -----. --- . .... . .. ....--- - ... +.......-- .-- +-... .. ..--+ .......... .- +-.. . ...- - -+

T.5 90 103. 120. 13. A 150. 165. 180.
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L-ý.ANP F'oRAL.,L EL T2/19/78#10
CUTOFF= 0,

- 10 ,0O+- --------- --------- ---------- ---------- ---------.... -------...- -.........-

-20,04 ---- * ** *** *-*-***+

-30.0 ----------+-----+------**----*---*-**---* -- + -*.-**+

-40 ,0'-" -...... --- ---..---- ----- - --- --- - --.. . . -.. .. . -.. .. . --.. . . -.. .. . -.. .. . -
75. 901 J-05. 120, 1354 130o 165, 1806

FIGURE A-101. a S * ; 88 - 60%. 8£ - 60'

(Above: All Data; Below: Averages Over 5" Intervals)

-'10,0.. .------ -+---------- ----- . ..... --. -+-. ----- ... +..------.-.-.+....... 1

-20,0+---------+,....... +.-......-----+---.-----.--- - +----.

-40. 0+ ------------------------------- --------------------

/15, 90, 10 5, 12"0. i :V5, t50. 1 /Ilt ISO.
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L-BAND CROSS T2/19/78t4
CUTOFF- -10.

-10.0+ ------------+----------------------------------------------------

-20.0 - .---------- +---------.---------4--------------------------------

-,0. ----.------------*-*-:-**-:----------------+------------+

- • . .. ---- - ------ -------

. 15. 30. 45, 60. 75. 90. 105,

FIGURE A-102. aa vs 0 ; e .60*, %• 60*

(Above: All Data; Below: Averages Over 5e Intervals)

-,L0. 0+---------+---------+---------+-- ------------------------------+---------+

U- - if
--- ------ ----- +-----------+--- ------ +---------+----------+------------+

-30 0. . .. .. .. . --. • '-$ ... + .. .. .. . . .. . -- -- -- - - -- -- -- -- -- -

-------------- ----- *---+------------+------------+------------+

* i

- -- - ---------------------------- +------------------------.--------
*I10. 150 3045 60. 75. 90. 105.
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L -ANCI CROSP T2/19/78#11I
CUTOFF- -10.

-10*04 -- - - -- - - - - - -- -- - -- - - - - - -- - - - - - - - - - -

0 -----------------------+---------------------------

-30.0+........-+-....---** ...*-*----- -*-- 4-- -

-40.0+--------------+*-----------+----------+----------+----------

-50 .04 --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
0. 1b. 30. 45# 60. 75.# 90. 105.

FIGURE A-103. a v e *; 6- 60", O-60'

(Above: All Data; Below: Averages Over 5' Intervals)

-10. v ---------+---------- -•----- +---------+----------+

-20.0* *--------- *- ..... ---- ------------------------- -----------

----0.0+----* *- *--- * * .

-00---------+---------+---------+----------+----- ------------ +----------+

V.-30.0+-------------+----------+----------+------- I---'----4----------+----------+
0. 15. 30. 45. 60, 75. 90. 10j.
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L.-BAND CROSS T2/19/78*12
1 CUTOFF= 0.

I.. -0,0+ - - + + - - + + -

i ~),

'.4.

- --200* ----**---+*E------+ - - +-------+----------+----------+

-30 +**--*---.+* --- *+*----+----*------*-*--+----- *--+-------------+

-40.0 ------------------- +---------+---------+----------•-----+---- +

0 1 15. 30, 4'5 60. 75 , 90. 105, 4

FIGURE A-104. a t; 9 98 60*, 6 60,

(Above: All Data; Below: Averages Over 59 Intervals)

*1
-0,0+ -........ + -......... ----------- +-- +- +

-20,0+ --------- --- +.. .+--------------+-------------------------------.----------+

-+.-- --* -------- *--.f ---------
*

-40.0O+-------------- ..... .. F.. ...+ ' -........----- -+. .. ... + ------------ i

-40.0+-----------------+--------------+ ----------+ -------------- + ------------- +
0. 15. 30. 60. 75. 90, 10ý5,
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L.-BANED CROS)S T2,19/78#5 "-
C-TFF-+. -10.-

-10.0 --- -- -- -- -- -- - - --- -- -- -- -- -- -- --- -- -- -- -- ----

-30.0 ----------+----------+----- ....

-40.0 -------------..... - +------- --------------------------- -- -+---'..----U!

75. 90. 105. Oi20. 1, 35• 50 3. 165 l0ot

FIGURE A-105. ° vs ,; 4 e 600, 0 60s
0 a

(AWbove. All Dat.,i; Be].ow: Averages Over 5" Intervals)

-. +---------+---------+---------+---------+---------+---------+------------

-10.0+-------+----------+----------+----------+----------+----------+----------+ f

' ~ ~~~~ ~~-4's . 0+ .. ...- + .. . ..--. ..--- --. .....--....---------- w( -. - .t -

iI
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L -S A ND CROSS r2119178i0o

CUTOFF- -10.

-10'0---------.----------+---------+---------+---------+---------+---------+

-20 0 -- -- -- - - - - -- - - - - -- - -- - - -- - -- - - -- - -- - -

-30,0 ------------ ------- +. ..----------+ ----- -- -- --

-40.O+--------------+-.--- -. --------- - ****-*-***- •--•+*

tj 0+ ------------------ ---------+---------+----------------- +-
'., 90. 1.05. 1..... 1.35 150. 165, 180,

FIGURE A-106. a vs fs; 8 60",% 1 60"

(Above: All Data; Below: Averages Over 5" Intervals)

-10.0+---�---+------...--------+----- ------+- -+------+

-2,0------4 ------- +--*-- -+-*------------ 4------+ ,I
0 +----+------------------------------+--------------+--------------+

-40. 0+ -----------. . - + -.- ... -... + -.......-* - ........ + ........ +*

-50. -+.... ..---------+. ---- ------+.... --....---------- .-+-------+------ -+
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"190

*77



LP..-- ; N P AIRA!..L.F. E T2/t9/78#3SC (JT O r:F =z Q .

.-0.0+ ------------ +-----------+--- .+------------+------------.---.-----.-----------+**A*

-".O --- --- - --- , - - * .) .. ...---------.. .. . .- . ... . . t . .. . .

0. 1 3', '0. 45•.: 60# 755 90, .1. or)

FIGURE A-107. a° vs 0s; .s 70', eI 60"

(Above. All Data; Below: Averages Over 5* Interval~s)

- , O . . . . . . + . . . . . . . -. . . . . . . . . . . . + . . . . . .+ . . . . . + . . . . . . .+

-2o 15-- ,--1--.15.. 0 .- 75 . YO
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L - BA N D P A R A L tL.F T 2 / 1 9 / 7 8 #6 "0

-0.0 --------- +---- + .. •------------+---------+........-+-....-------+--

-10.0+-----------------------------+- - - ----- --------------------

K -. ~*0+---------+---------- --------------------+---------+---------+

- - - +-,-- ------- + ---- ----- .

-00----------+---------+------------*---------------*-:-- -- +--------

75 90, 1.05. 120. 135. 150 . 16 ,) 1804

FIGURE A-108. a v 4; 02 7)0, , " 600
0

(Above: All Data; Below: Averages Over 5* Intervals)

I
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90, 105, 1.20, 1 .0. :L65, 180.
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L-PAND FPARA. ILE'L T2/19/78#9
CUTOFF= 0.

-10,0 ........----.......----.......----....... ----....... ----......---.-20.0 ------------------- - +----

-'30 • O+ .........- ---------- ---------- --------- ---..-- -.. .. . - -.........- -........-

-40.0+ ........- +- ....... ..-+- ..... ...- +- .... ...- +- .... ...- +- .... ...- +- .... ....- +---75o 90. 1054 120. 13 , 1504 i6Z. ISO,

FIGURE A-109. o°vs esa a8' 70", ei 60"

0* a

(Above: All Date; Below: Averages Over 5" Intervals) '--- --- +---------------------
Ii

-. 0'+ --- +--- ---- L+ ---.....- + .- -

F-10.0+ .. ... ... +-... ... . + ........-- .....- - -.. - -.. . .... + - -*- 4I.. ... . .

4..-----.r."i

-4 0,0+ -- +---- 4 --------------.----+----4-----.------.- -------- +

7,. 90,. 1. 0. 120. 135 .o0. 17. 0.0.
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.- BAND CROSS T2/19/78#3
CUTOFF= -10.

-30.0 ......... 4 ---- -------- ----

** *t* *---*---- *--- *---*---------*---+------------4-------------
15.~~ 30 ,* 0 7 t9 0 1

(Aoe Al Data; ***ow* ***age *ve 5Itras

.- 4o . 04-.... ... + ....... .- 4 ........... + -... .*+ * -... . +-.. . . + -... . +

V -j0,0+---- ----- ------- -- -- --- -- --

0. 1. 30, 45, 60. 75. 90, 105,

FIGURE A-lbO. c° vs* Q ~ 'I

(Above: All Data; Below: Averages Over 5V intervals)

-:• . 4 ......... . --. ...... - • .. .. •... . -- . .+ • --+ - - + " - -~
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L-BAND CROSS T2/19/78f6

CUTOFF= -10.

1. +---------------- ----------------------------- +---------+---------+

Ii.;
-0 0+-------------+---------+---------+---------+---------+------

--30, -•---------------+-------------+------- -+. . + +

-40. 0+ ---- +--__--_-•-----.-_---- +
* **

------------ - 0------------------ ------------ --- ----- --- -- --- ----- --- --
-4. -..+

'Z #ll'; . 90.' 105.' 120. 135' 150'4 165, 18O0, '

FIGURE A-ill. a0 v.s; e - 70, ei . 60*

(Above: All Data; Below: Averages Over 5" Intervals)

-10.+--- --4---------+--------------------------+---------+

- +.. ..... +-----...-- -.------------ + .

--- --- --- --- --+ ------------------- +-* -~-*--------*-*------~-----*---- 
--

F-------+------*------+-------+----------+------------+

K~~ ~~~~~ -------------- +----+----+ - -- -+ - -- -- I

79. 90. 105. 1 0. i.. . J.50. 165. 180.
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L-PAND CROSS 12/19/78*9
CLiJT(FF= -10.

-10.0 +-----------------------------------------------

-20+ ------------ +----------*-*-*-*- * *

+-"0. 0+ ........------------------- -+ . -.-- - **---*-*--+---**-****--- **--
Y5. 90. 105. 120. 1. 3,5). 1.50. 165. t80.

FIGURE A-112. a vs * ; a - 70¾, 08 " 600

(Above: All Data; Below: Averages Over 5* Intervals)

-00-----------+-I --------- +----+-------------------+----- 4--- -

I
-- +------- -- + ----------• -------- +-------.---..---... ... +.

-' +4---------+--------- .4----------+----------+------------+------------

-40.. .-----------------------+----+---- f -------------.------------ +

¾----------------------------+---------+-
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-O 0.r Of -... + -. . + - +

-0.0+ -++ - +- + -+ + -

-20. 0+------------ ... ..... ,.------. ---- +-.-.. . -... -- +--,••,f --- *--- -+-•--4 - .. -.... .... -- - - -- 4 .. .. .... T......... .

; .... 1ý t0 i. +"'f: + --

FIGURE A-113. 0° vs s; es -800, 0i =6UO

(Above: All Data; Below: Averages Over 5' Intervala)
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I -$'flNDi PFARAI.. 1. F-L m/19/78tS
CLJTOFF= 0.

"-0 .0+ - -------------------- -------- q -- ------

- 0.04 ------- +---------+--------- f ---------+---------+---------+---------+

K I **** ** ***

* * * ** * * I
0 0 -- - - - - -- -- - - --- - ---- -- - - - -- - +

---------------- +----- - +
190. 10'. 'J5. I.35. 1 '501 165. 1806

FIGURE A-114. a vs o s 66O

(Above: All Data: Below: Averages Over 5' Intervals)
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I -PNT! (R l0S $ Tr2/19/78t2
LCUiT.OFF= -tO.

-1..0+-------------------+----------------+----------+----------+------------.

S--'?0,.0+-... .. ..- - ....----.... +. - -. + .............- ------ ----....-:- -- -------. ,

S- 4 "•, •, 4 • • ,I, ÷.• • .- ,•.- • -. • • .- .F - -• . .... .• ... . ... . . -- . . . . . .. -.... ....... + .. .... . .-

",.• ';...•,., 1").&O 7'5 904 105.

FIGURE A-115. a° vs as 0 80', 0, . 60*

(Above: All Data; Below: Averages Over 5' Intervals)
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L -BAND CROSS T2/19/7T8# I
CUTOFF- 0.

.11

-00+-------------------------- +-------------- +------------+----------

-2.0 --------- +--------- +--------------:-------- --- -- -------- -------

- 20 •0.f - - - - - - - - - - - --- .... . ..--... ....---.. ... ..-- .. .... .-.. . . .. -... ..--- -- , . .

Y'O 90 o105. 120o 135. 50. 165i. 180.

FIGURE A-l16. a vs 8 ; 0e - 80, ei 60'

(Above: All Data; Below: Averages Over 5" Intervals)

-.0. o++ -- - -------------- +-- --.- +---------------+-------------+ i
-10.04--------*-----------.+--- ----- *--- ------- - - - - -------.*.*.----

f -20 0+-------------------------------+------------+-- - - --

LI -30.0+----.-------------+- *-+ ---------- ------------------- +--f -
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i..-BAiý)mr, nI' KA A I. i- rl. T, .L '7*1 7 7 .'I.7
C U 0.ITFF 0.

--40.0+ -----....-.--

0. 1.!. 56 .7 ,9 * 1 5

* **** *
* * *, •***

FIGURE A-117. a vs 61; " 60%, 01 = 706

(Above: All Data; Below: Averages over 5* intervals)

-0 . + .. .... . . .-+- ... . ... .....- + . . ... . . .- -. .. . . . .-- .. . . . . .. -- .. .. . . . . .-. . . .. . +

-0..-- 0+----------
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0. 1~, 3. 4b. A0. 05,0. 1
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I.-BA N£ r'AR(AI. I, El. T2/17/79:t8
CUTOFF= 0.

-0. .------------+------------+- -+------------+-.---- ------ +------------+----------+ +

-10.0+ ---------+---------4-----------+---------+---------+---------+---------+

-------- ----------- +------- ------------+ **+ -+ ------

It90. t 0'.5. 1.20. 13,,I 150, 165* 1804

FIGURE A-118. a vs * ; 08 - 60%, 61 70*

(Above: All Data; Below: Averages Over 59 Intervals)

-1 + +.-.-... + - -.--- - + -. ---.------------ +-----+------+----- +
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L S-AN1 CROSS T/171/78t?

CIIITO F F; 0.

- o.+---- +---------------+ ---- +-----4-- --f

* .*-0,+%* -**--*-------------+--------*---------+------------------+--1
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4 0 I 0 4 ,: .t .... . .. . . . . . .+ . . . . .+ . . . . . . . . . .+ . . . .. . . . .0. 6*

* *** * *
*.* * ** *

i

FIGURE A-liI9. ao vs a ; as 60°, i- 70 "

(Above: All Data; Below: Averages Over 59 Intervals) I
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L. -BAN D CROSS T2/17/78fB
CUTOFF= 0. 1

- 0 . - - - - - -f+ . . . .. . -. . . . . + . . . . .. .. . .. .+ -- - - - -- - - - - - - - - - -- - - - -
!

-20 .0 + --------- +--------+----- ----- + -+---- . .. *-+

• * * * * ** * > *

----. --0- ----... .. +----..+.-------- - - - -

----------------- +-------------- ! ------------ +---------.----------
7,. 90. 0 5. 1.20. 135. 150. 165. 180.1

FIGURE A-120. a0 vs e2 60*, 8, " 70*

0

(Above: All Data; Below: Averages Over 5" Intervals)

.-.1 0 0---------+-------------------+---------------------------------------+-
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L ICN~ D FPA R 6. 1. F'L T2/1 ?/71I-6
C(JrOjFF= 0.

-0 ,0+-+---- --- --- --- --- --- --- --- --

-20 0 * -- -- - - -- --

4 -~,0+-------+---*...**-*--*-*---.-*-*-.*.---*-.--------+-*---**------4

1. 15). 30. '. 60. 5 0. lS

FIGURE A-121. a0vs a es .70%, %- 70*

(Above: All Data; Below, Av(erages over 5* Intervals)
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CT u Fr 0 IF I= 0. ,1
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-20.0+ -- ------ +---.-....-. - -.----. . +------ ... .. - -*-*- ....- +

-30. -----------------------------+---+-------

- ;'40 .0 - - -- -- - --------- ------ ------.÷- ---- ----- -------- ----.. . . . . . - -... . .... . --.... . . . .-

75,. Y0. i105". 1i20. .1.35, VISO0 1. 65. + 80.

FIGURE A-122. a vs s; es= 700, 70*

(Above: All Data; Below: Averages Over 5' Intervals)
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I-PONDi CROss T2/i 7/78*6
CI'F[FF= 0,

-10.0+ -----.---.------------ +------------.------------- ------------ +-------.------------+ +

* I

0 4, -0-• ... ..... + .. ... .. - .. .. .... ,- .... .. .- ........---. .........--- ........- +-

*s "j= 0,OL 0IJ M). *3 *0 7530

FIGURE A-123. a° 0 s es 70,0. 0

(Above: All Data; Below: Averages Over 5' Intervals)S+~~-----*----+-------------

•-:0 --.......... -...... +.---------*----*---------+----+- -----

0. "A. 0. 5. 600 75. 390. PS.
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- - - ---- --~" W ~

L-RAND CROSS T2/17/78t9 .1
C-U0TOFF= -10.-.-+

**,

-10,0+- --------------+ ------------ + ----- - ----- * * 4 - -- - - -- - ---- -- - - I-20 .0 + -- -- ------ --- ---- -- --- ---- --- ----------.. --..... .. . i ------ ---- 4 ---- ---- -

,-- ------ ----------------- + ------ -- -- ---- I---40.0 --- --- --- --- --- --- --- --- --- --- --- --- -----• . .+. . . .W4 . . .. .. . .1--- ------------.

40. 105. 120. 1 150i, i61 180.3

ho I

FiGUARE A-124. c 0 vs a -8 70*, 6, . 70

(Above: All Data; Below: Averag-25 Over S intervals)

10. 04.----4------+---------.----+---- +---+---------+----------------

-- ----- - ---.------- ..-- ----- *-**- - - - + - -
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L'-BflND PF •g f EL. T2/17/7RNMs
CI ITOFIF- 0.

-0.0-- 4. +........ - +........+----

-10.0+ . . . .+.. . . .÷.. .. .

* *

-. 20.0 ------------ ----------------.-- *+.... . .+

------ - + -- -- -+ - -- - .. .-

------------ 4------.+------------+

0'. 15. 30. 45. 60. 75. 90. 1.051

FIGURE A-125. a vs *; e s 804, 0L 70'
0 a

(Above: All Data; Below: Averages Over 5' Intervals)

-00---------+--------------------+---.-.-.-----4--.-+-----+---

-1. 0.0+ ---------------------- ----------------..--------- +------------.--------------*-------*.----

-')0 0+---------+----------4-.---+ - - - - - - +-----

- AC.(:+* * ----------

0. 30. 4:1. 60. ";. YO. I Q
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L.-•Ni FPARAI L ".. T2/17/78t1O
CUJTOFF=- 0.

* ---- --- ----- --- :--;---+---- ---- +----

---------.---------------------------

04--V
iv

•'• ..~~~-(0,0 - -O÷ -........... -+ .. ......... --... .... . -. ....... - ......- -- + .......- + ..... .,+ .

7t•~ ~ ° .,,, I 5, 2 , I 1, 315, 15. 16t • .1 80.•

Ifi;iFIGURE ,A-126. u ,,s 6; 8 0°" , 6 70'
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I -RC6ND CROSS T2/i/717/78o5
CU.TO'FF= 0.

-0,0+ --- ------.. + - - -------+-.----+--- +- +

-10.0+ -+ .........-. + ----- ---•------------ + -.. .+

-20.0+7+----+--------+----+-----+-----+----+--

-3'04 *.-**--- -* *-- ** -- +-------------------t--------------

* , *t < .0 *:5k *4

* i
, ~~......... -4. -.-.- +++ ..... .... ÷ ...... +-.... + -.....+

15.. 3 '0. 41, 60. 75;. 90. 105.

FIGURE A-127. a° v s 0 a " . 80%, 0 . 70 I
(xbove: All Data; Below: Averages Over 59 Intervals)

S------+ - .--- +--------. --- +---- +--It' I
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i~ • " ' - . - - • =. . . . . ..-.. .. .- * . -.*- . y • - - - .* -.. -. .--. - • - . . ...y ' W w , • = , • o - - . r-- ., . . . . - .• - -" '' . - - - -. . . • .

+-L-BAND CROSS T2/'i7/786*10 cur . + I
[ ~ -10.0+---------+---------+---------+---------+---------+---------+---------+

-0, 0+----------------+---------+----------- -------- -------30.0+ ------------- - -

FIUR A-120 a O+ .. .. .. +8 ". 80% 0.f a

*',> (W * *
i:* ** (( W *(WW( W * ) MK

'ii (* *W * * ( * ( * * * ( * ( *W *

S7i .90. 105. 1.20. 1 3 .'3 1. 43;0, 169,' 18BO.

!,,•' ~FIGURE A-128. ao vs *a; 0S " 800. 8t "70"

(Above: All Data; Below: Averages Over 50 Intervals)

---------- -------- +---------- -------- + ----------+---------+---------+

II
-20.0---------+--------....-...-+--... -. - -------- +---------+- j

S2.30+-------+---------4---- *------+------- -- +---------+---------+---------+-

-4. ------------------- -+ - ---+ ---------+ ---- +------

"75. 90. 105. 1.20, 13' 5 . 150. 163, 1U0,

212

'ta 7 7, : . - ,.



.- ANr PARAi LLEL T2/1.8/78.16
CJTOFF' 0,

114

0 1 I 30. 4j, 60.+ 7-1, 90. 
-05-

FIGURE A-129. vs8o6%°0(Above: A* l Data; Below: Averages Over 5* Intervals)
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L,.-ANDP FAARALLF-L. T2/18/78#17

CUTIOFIF- 0,

-0.0+ .------------ +--------------+-------------------------0

- 1 0 0 - - - - -- - --- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - -- -

-20.0+--------------+-------+------------------------------------+------------*--------------

790. 10., 120, 1.354 1. * 0 , i.. 180.

FIGURE A-130. a vs * ; e = 60", 06 1 80.
0 1

(Above: All Data; 02low: Averages Over 5* Intervals)

.+..----.-.-.-+.-.------+-----------+--------------+--------------+

....0.+---- . .... . .... .. ..... . . . . ..----------+. -. .. ....---------.---------. --- -+

0 ~ - 7II~ *---------------------

---------------------- ----------------------------- ---.

--0,0---- ---..... ....................... ......... .... -- --.... . --.... -. .... --------.
""Y o0. 1 5.. I1 V*,', .1IS . I SO,
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L .- SoNr (.',RO91S r2/18/78t16

cULrOFF- 0.

-0.O0+---- - -+ - - - - - - - -- - - - - - - -

+ + . .. ', - - - ----- --. . .- - -. - - - - - - -- - --- ------ - ------- ---- +-. +

',,. fi 30 43,60, 754; 90, 1.05..

4$ *s 0 - 60, i=*0

FIGURE A-131. a v ýso 0 0

00

(Above: All Data; Below: Averages Over 5* Intervals)

.I ... ... .. ..... ---•--.-----. .-- -------

S----------4-- --.-------------- --------+ ---------- 4-

... * . ... *... ( -. • .......... l.. ... . .... •....... ...- - -'- -- - 4 ....... ....... .. . ... .... .+ - - --.. .. ..

4 , 4 * :4<

. 4,-----.... .... ... .. ...... .. ....... ..... - ....- + . -- --- .. ... .... -.. .. . . . . .... - +--... ............ -- -

5 0.1 . 3 , 1.'.";, 60, '7 -5 90, LOCi.
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L..-RANI' CROSS r2/18/78#7 I0
CUTOFF= 00

-0.0+ ---- + - ---- +- +- -

-[1.0,0 --------- +--------- --------- --------------------------- +---------+

*( (

2 -- 0. 0 --------- ----- ------- -- -.-- - *- *--*---- *+

****W *( *(( W• * * *< W * W

*O *W **** W ** **

0 +-----+----+ *-+---------+-----*-+-
* * * * W

- * +* -- * ---- - - - - -------------------- +75. YO+ . (). t'..;} 1"0* 135.• I SO.0• 16,5 180*

FIGURE A-132. oa vs ; 6 - 60", ei - 800

(Above: All Data; Below: Averages Over 5' Intervals)

S+--------+------------I---------------+-------------- ---+-----+

-1~)0-------------------+----------------------+----+------

-,20.0+-- - - -....+ .....-.-.- "...+ .. .. ..*".. . . .+ . -.... .. --.. +*... . . +*.... .

W( *

0 ---0.0 -------- -- -- + -....... - -... .. + .--. -- -- +- - .... .. +

-4 0 ------------------------------- +-----------+-------------+------------------------+I

9 ,,. 90. 105. 120. 13, 130. 165,. 18G.
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L-EAND P'A RFALL. E.EL T2/18/78t5
CULJTOFF= 0.

-0.• 0+* --- *-- -+ . . . . +. . ... . - -........--........--.........--.........-

•** **

-20 -- *---* ---------------------- +-------------

• * t** * * * *

-40, 0+---- **---.+. -*----*+- *--- *- -+..--- -+.-.--

• * * * * *

0. *1 5* *

(Above:* A D
-20 .. + - + -* +-. - -.-- + -- -+

,,** * * *

-40.0+ * .
0. 1 z. 30. 45 60. 75. 90. 105,

FIGURE A-133. a vs *; 6 . 7Q0, 6 - 801

(Above: All Data; Below: Averages Over 5V Interv}als)
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..- BAN[i PARALLEL F2/18/78#8
CtJTOFF- -10.

-t0O - -- --- -- - --- -- --- --- - -- -- --- --- --- -- --- -- - --- --

-20.04 + ------- ---- +......--- + -........-+ * - -- +------.. +

" 3 0 0 + - . -) - - -- -.. . . .. .. -.. . .. . .- ... . . .. - . . . .- -' -- - -- -- - . . .- - - - - -- - - - - -

-r-,,90.• 10,.5, 120# 1.3",104 150# IASI° 180#

FIGURE A-134. a° vs s; 0s . 700, e1 80"

Fa

k(Above: All Data; Below: Averages Over 5* Intervals)

-,2 0 . 0 + . . . . .+ .... . .. . .--..-.-----. .-- --........-- --. .. .... ....-- -. . . . . ..- --. . . . . . .-

-A0 -- -- -

- 0 .O .. .. . . .. . ... . .+ .. . .. .+ . . . . + t.. ... ...----

,,5. 9,0. 0(3. V2,,0. 135. 150 165. 180.
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I.,- RAND CRO SS T2/I8/78 #5VCU.TOFF= 0.•

-:1. 0. + -+ -. ---- -------------- ---------+----

------------------------------------------- +------

-- 20.0.*---.. **-+. ++.- +. . .. +.- +

Yx* *(i

0. --- --- - - ------------------

00 1. 30. 45. 60, 73. 90. 105.

FIGURE A-135. o vs Os; . 700, I 80,

(Above; All Data; Below: Averages Over 5" Intervals)

'I

I
-- ,0 .I.... . . . .+ .. . . ... . .. .. . .. .1 . . . . . . . . ....4...........+.....-. . ..-- 4.

---------------------------------

-. 40 0 ................ . .. . . . ...... 04- - - + -. . .-... .
0, I . 30, 4 60. 1 90. l 5 .
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L-PAND CROSS T2/1/788C
CUTjOFF= -10.

-100+ ------------ +------------+- .------------- +-------------+------------+----------+

S.',It
-20'0 '-I - -- -- - -- -- - ---- -- -- -- -- -- - -- -- -- - *-+*-* .....- +

-3•0.04 - - - - - - - - - - - ----' .. . . . -. . . .+. . . . - ----.. .---- - *- - - - -4 -- -: +

-50 , +... . .. . . . ....- --------- --------- --------- --------- ---- --- -
7o, 90, 10,.' • 120 • 135. 1'50 165. ISO.8 ,

FIGURE A-136. a vs Ia 65 70" 0i . g0*

(Above: All Data; Below: Averages Over 5* Intervals)

-20 .•04 ---- ---- - -- ---- - ------ --- - ---- ----... . . .+ . .. . .+ . . .- - . ..--- -, - --....-

W .0 04 ....... ..-- - 4 --- --- --- --- --- --.. ... ..-- - --- --- -- - --- --- --- ---

-40 . ----------- --------- ---------- 180

-- ------------ ----------------- +------------+

7, 90. 105. .1.20. t 135. 150. 1 65. 180.
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P-AN ND P A'ARAI1. PL. TI. /i T /71t14

CUTOFF= 0.

-00+ . ---+---------+-- +------------------------------

-i0o÷.....o+ -+-+-..+.-....

.V. 15 3' ) 45-.- 60, 75 IS 0, 5

FIGURE A-137. Oo vSs; es " 80% , .i 80"

(Above: Ail Data; Below: Averages Over 5" Intervals)
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L.-PANDI PFARALLEL. T2/18/78#9 1
CLJTOFF- 0o -

-0 .0+ --- ----- ------ ------ - + ----------------------------- --------- . +

- 0 -+ .......... + . + -.. ... .---.-...- -------------- +

0+----* --- -* - ------ --- -- -

S+ - +

7' 5,' 90. 105 ,I. 20. 135. 1. 1,71 0. 165. 180.

*1 FIGURE A-138. a0 vs a Os 800, i 6 80I

(Above: All Data; Below: Averages Over 5' Intervals)

-......... ... ---------

* I
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L.-FAND CROSS T2/18./78.14
cuTOFF-- -10,

-20.+-.... .. +. . I- +

* .** *. ** * * *-30- -----*--*-*-*-*-----*- - -*----*---*- -- - - +- - F

0. 30"J • . dl',.:i 60. 7Y• 04 0

FIGURE A-139. u va 3s 08 . 80", 0, . 80"

(Above: All Data; Below: Averages Over 5' Intervals)

0 -.t 0. ++ .. . . . . . +.. . . .. + .... .. . + ... .... ... -..... . . + ......... . .. .. .. .

+. + +*5 - - -*

il+---+ --------------+-------

*

0 . (0

-- �F ... . ............. ................. ...... ... .
I

0. 1¼ *, •'0. 4',', 60'. 75. •'0. 10•5, 1
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I.-W)ANr CROS•S T2/18/763'-? i

04

-0 curfr*1F -0 -- -- ------------

-- ------ + -.-.. . . ---.. .+.---------+.------- +---- .--- .....- ++

------------- -- -- -- ---- ------------- -' - -* --- +- .,-*-

79',, Yo 105.., 120, 1 1'f;, t 150, 1 • 180O,

1***8" O! " *0*

I"IGM!RE ,.-14C. a° vs s 8 0, 1" 0

(Above: All Data; Below: A-verages Over .S' Intervals)

..- ~~~~~ ~~ -- - -- -0+ C,- ....... .. -- .. ......... -- .. .... ..- . . . ... I . . . .. . .. . + . . . .. +

.... . ... ... - --.---------..... +..-- -.-..-- - --- -. .. . +--- +

*+

.05 0 v 8 ,. 120. 13 51 1'0. t1 ISO,
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X-BAND FPARALLEL T2/19/78#10
CUTOFF- 10. 1

-0.0+ ..... + - + - +

* *

-10.0+ - +- - -- +.....-+...---- •*-* - .... --- .-.-. +

-30.0+ ........- + ........ + ........ + + + + ........ I
75* 90. 105. 120. 135. 150. 165. 180.

FIGURE A-141. a vs #a; es w 60". 08 - 60*

(Above: All Data; Belov: Averages Over 5" Intervals)

'Data from first half of pass only

10.0+ -------- +------------------------------------------------------

-0.0+ ---------------------------------------------------------------

* 1 *

'20.0-----+----------+-----.....5+
I

-30.0+--------+-------+-------- .....--- +-........-+-........-+-........-+

7•. 90. 105. 120. 135. 150. 165. 180.



X-BAND CROSS T2/19/78#10

CUTOFF= 10.

10,0 ---------+------------------------------------------------------

-0.0 -------------------------- - -- * -----------+----------

-10.0+ -------- --------- + --------- --

Li -20.O0+ .........---.. .....---..... ---- -- - - - - - - - - - - - - - - - -
-30,0------------------------ ---------- +----------------------

II

75. 90. 105. 120. 135, 150. 165. 180.

FIGURE A-142. 0vsa * ; es a 60'. 6, - 60'

(Above: All Data; Below: Averages Over 5' Intervals)

Data from first half of pass only

10.0 ---------+---------+---------------------------------------------

-0- 0 --------------------------- * ------------------------------------

-10,0 ........----.. ....--- -......--- -.......---.......-- -.... * --- ---------

-20.0 -------- +--------------------------------- ---------------------

-30.0+ --------- +----------------------------------+--------+--------
75. 904 105. 120. 135. 150. 165. 180.
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X-BAND PARALLEL T2/15/78#2
CUTOFF= 10.

10.0 ---------------- +-----------------------------------------------

* *

S-0,0+ ---------------- +--------+-----------------------------------+-

* *

-10.0+--*-**-----------------------------------------------+---------

-20,0+-----------------------------------------------------------------

-30.0+ ---------------------------------------------------------------
0. 15. 30, 45. 60. 75. 90. 1050

FIGURE A-143. o vs; ea " e, -70I

(Above: All Data; Belo: AveraSew Over 5S Intervals)

10.00--------+---------+---------+---------+-------------------+----------
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-0.0+

-00 .... - ... +------+------------.-----------
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-10.0 --------- * -------------------------- +-------------------------

-20o0 --------------------------------------------------------------- +

-30.0 ------------------------------------------------------ +---------
0. 15. 30. 45. 60. 75. 90. 105.
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X-14AND CROSS T2/15/78#2

•":'i CUTOFF- 01 .,

------ --------.-------- +---------+-- T, -

-20.00.

/ ii

* *i
-20.0+---------+--------------------------------------------+----------

4 ~ ~-30.00+------------------+----------+----------+----------+----------+----------+

-40,0 ---------- 4 -------- +--------+---------------------------------+

0. 15. 30. 45. 60, 75. 90. 105.

FIGURE A-144. a vs s; e 80s-, 6 70@

0 a

(Above: All Data; Belov: Averages Over 5" Intervals)

i
-00i' ------------------------ +----------- 4 ------ +--------+--------+
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L-DAND PARALLEL T2/15/78#.t2
SCUTOFF- O,.

-040+---------+---------+---------+---------+---------4-------------------+

-10.0 ----------------- +------------------------- --------- +--------+

-20#0~ * -------- .9-------- ., -------- I--------------------------
:* *

S-20 ,04 -- --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --I*

** *

---------4-00-- ---------------------------------------------------------------

0. 15. 30. 45. 60. 75, 90. 10,*

FIGUREt A-145. a; va s; ona so, .a

(Above: All Data; BseloV: Averages Over 5r Intervals)

-10,0F - 1- - - - --vs-*;- --- 800...-8-.. .

-20.0+-- ------+--------+--------+--------+--------+-----------------

=I
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-30.0+--------. * ---- +-------------4----
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L-BAND CROSS T2/15/78#2
CUTOFF= 0.

-10,0 ----------------------------------------------------------------

-20.0+-----------•.------------+--------------------------------------

-40 + -| + - + + +

-40*-0+-------------------+----------+----------------------+----------
0. 15. 30. 45. 60. 75. 906 105.

FIGURE A-146. 0a va %1 es a 80. - 70"

(Above: All Data; Below: Averages Over 5' Intervals)
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